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1955 ANNUAL MEETING AT NEW YORK CITY, JANUARY 27-29, 1955 


HE 1955 Annual Meeting of the American 

Physical Society will be held in New York 
City on Thursday, Friday, and Saturday, January 
27, 28, and 29, 1955. Concurrent meetings will be 
held by the American Association of Physics 
Teachers, hereinafter to be denoted by AAPT. 
The ceremonial session of Friday afternoon in Man- 
hattan Center and the banquet of Friday evening 
in the Hotel New Yorker will be joint functions of 
the two Societies. 


The scientific sessions will be held in halls of the 
Hotel New Yorker, the Hotel McAlpin, Manhattan 
Center (311 West Thirty-fourth Street, just west of 
the New Yorker), and Vanderbilt Hall of New York 
University. Vanderbilt Hall is at the west end of 
the south side of Washington Square: take either 
the 6th-Avenue subway or the 8th-Avenue subway 
to West Fourth Street, and walk east along that 
street. 

S. A. Korff has accepted the heavy charge of 
being Chairman of the Local Committee, and we 
shall be much in his debt, as also in that of Wallace 
Waterfall who laid the groundwork of this and 
future meetings by his negotiations with the hotels. 
The Secretary has assumed the troublous task of 
allocating the various sessions among a group of 
halls of which the distribution in size by no means 
agrees with that with which we have been familiar 
at Columbia University. The indulgence of the 
members is bespoken in advance. This will be our 
first meeting in hotels in New York City. We shall 
probably learn much by experience. 


Hotels. The official hotels of the Society are the 
New Yorker, at the corner of 34th Street and 8th 
Avenue, and the McAlpin at the corner of 34th 
Street and 6th Avenue (Avenue of the Americas). 
The members of the Society are particularly urged 
to stay in these hotels. They have granted us their 
halls free of charge in the expectation of ample 
patronage, and if this is denied them they may 
not be so generous in another year. If you have a 
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favorite other hotel in New York City, forget about 
it this time. Make your room reservation by writing 
direct to the McAlpin or the New Yorker, mention- 
ing that you are coming for the meeting of the Society. 
Prices were quoted in extenso in the Chicago Bul- 
letin. The range of singles with bath is $6 to $14 
in the New Yorker, $5.25 to $9.25 in the McAlpin; 
double with bath, $9 to $16 in the former and $8.50 
to $13.50 in the latter; twin beds with bath, $10.50 
to $16 in the New Yorker and $10.50 to $13.50 in 
the McAlpin. 


The registration desk will be established on the 
mezzanine of the Hotel McAlpin. All members and 
guests are asked to register, and frequently to con- 
sult the adjacent bulletin boards for notices of 
messages (here also will be found the list of post- 
deadline papers accepted for presentation, if any), 


The registration fee has been set at two dollars. 
Our members will appreciate better the olden hos- 
pitality of Columbia University when they realize 
that this fee is necessary to pay the expenses of 
the meeting—trental of such halls as are not in the 
hotels and various ancillary costs. 


The banquet of the Society and of the AAPT 
will be held (this is a resemblance to our former 
Annual Meetings) on Friday evening at seven in 
the Grand Ballroom of the Hotel New Yorker, The 
price will be $5.00, and the tickets will be sold at 
the registration desk, or may be obtained in advance 
through use of the form on the inside back-cover 
page of this Bulletin. The form should be used in 
any case so as to give us an advance idea of how 
many may be expected. After three o'clock on 
Friday afternoon, the Society may sell unpaid-for 
and uncalled-for tickets to the first comers. Formal 
attire will be welcomed though not required at the 
banquet. The first of the after-dinner speakers will 
be H. D. Smyth; the Oliver E. Buckley Solid-State 
Physics Prize will be conferred on LeRoy Apker; 
and G. E. Bell will give a talk, amply illustrated by 
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Kodachrome slides, on the 1953 American expedi- 
tion to K-2, the world’s second highest mountain. 


The joint ceremonial session of the two Societies 
will be held in the Promenade Ballroom of Man- 
hattan Center on Friday afternoon. This will be 
the first such session in several years which nobody 
will be obliged to miss for want of room: we are 
assured that the hall in question has 2900 seats! 
The Retiring Presidential Address of our Society 
will be given by H. A. Bethe under the title ‘‘Pi- 
mesons and nucleons."” The Oecersted Medal of 
AAPT will be conferred on V. E. Eaton, whose 
response is entitled ‘‘Physics is an Art’’; and the 
thirteenth Richtmyer Memorial Lecture of AAPT 
will be given by E. P. Wigner under the title ‘On 
the development of the compound-nucleus model.”’ 
This appears to be the first occasion on which the 
Richtmyer lecturer is the incoming Vice-President 
of the American Physical Society. 


Invited papers on the general programme are to 
be given by K. R. Atkins, N. Bloembergen, B. N. 
Brockhouse, V. W. Cohen, A. V. Crewe, N. Dalla- 
porta, D. A. Glaser, J. P. Gordon, D. R. Hamilton, 
P. S. Jastram, M. F. Kaplon, O. Kofoed-Hansen, 
M. G. K. Menon, L. Michel, R. E. Peierls, Basil 
Rose, M. A. Ruderman, E. O. Salant, Emilio 
Segré, Bernard Smith, D. H. Wilkinson, and Yash 
Pal. The presence of several distinguished foreign 
physicists on this list is largely due to the Rochester 
Conference on High-Energy Physics to which some 
are en route. 


Our Division of Electron Physics holds a Sym- 
posium on Thursday afternoon, followed by its 
Business Meeting. 


Our Division of Fluid Dynamics holds a Sym- 
posium on Thursday afternoon; its Business Meet- 
ing occurs at the end of Session EA on the Thursday 
morning. 


About three hundred and twenty-nine contributed 
papers appear on the programme; they are dis- 
tributed among thirty sessions. The size of the 
New York Meeting by this measure is creeping 
gradually upward. The Friday-morning sessions 
begin late so as to give everyone an opportunity 
of attending the Business Meeting of the Society; 
it is feared that quick luncheons will be the order 
of the day. No topic which was assigned to Saturday 
afternoon last year gets this unloved situation in 
1955. The Society and the Secretary owe gratitude 
to T. D. Lee for arranging the papers in theoretical 
physics, and to C. S. Wu and W. W. Havens, Jr., 
for doing it a similar service with respect to beta 
and gamma emitters and to neutron physics. 


ROR) eee nage? 


SOCIETY 


The Business Meeting of the American Physical 
Society will be held on Friday morning at nine in 
Vanderbilt Hall. At this meeting there will be 
opportunity to discuss the proposals made on the 
outside back cover page of this Bulletin. 


The Council of the American Physical Society 
will meet at 2:00 p.m. on Wednesday, January 26, 
in the building of the American Institute of Phys- 
ics, 57 East 55th Street, between Madison and 
Park Avenues. 


The Placement Service Register of the American 
Institute of Physics will again be in operation this 
winter at the American Physical Society meeting 
to be held January 27-29, 1955, at the Hotel New 
Yorker in New York City. Physicists looking for jobs 
are invited to write for application forms or further 
information to the American Institute of Physics, 
57 East 55th Street, New York 22, New York. It 
is essential that applicants register prior to the 
meeting ; completed forms must be received at the 
Institute office no later than January 10, 1955, to 
insure their inclusion at the time of the meeting. 
Personal interviews will be arranged between ap- 
plicants and personnel representatives from indus- 
try, government agencies, and educational institu- 
tions during the three-day meeting, and it is there- 
fore to the advantage of the registrants to be 
present. Employers wishing to post notices of avail- 
able positions are invited to send job descriptions 
(15 copies measuring 8} x 11 inches) to the Institute 
office or to post them at the meeting. A complete 
register of applicants will be available for a nominal 
service charge at the meeting and thereafter. 


There will be an instrument and technical book 
exhibit in the Hotel McAlpin, East and Blue 
Rooms, located on the first mezzanine adjacent to 
the registration area. The exhibits will be open for 
the three days of the meeting, 9:00 a.m. to 5:30 
P.M., and everyone is cordially invited to attend. 


A grandiose programme (this is a novelty for the 
New York meeting) has been arranged for the 
entertainment of ladies by Mrs. J. B. H. Kuper and 
Mrs. S. A. Korff. There will be a special desk at the 
registration center to assist and advise the ladies. 

On Friday, January 28, a luncheon has been 
arranged in the Delegates Dining Room in the 
United Nations building. The lunch will be fol- 
lowed by a tour of the United Nations building, 
including not only a view of the interior of the 
building but attending one of the sessions if one is 
in progress at that time. will have the 
opportunity to listen to the simultaneous transla- 
tion at the. meeting. The lunch will be at 11:30, 
followed by the guided tour at 1:15. Ladies wishing 
to participate are asked to be at the Reception 


Guests 
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Committee Desk in the General Assembly Building 
at 11:30. After the lunch, guests should return 
again to the Reception Desk, where the guided 
tour will start. The price of the luncheon is from 
$1.65 to $2.50, and it is necessary to buy a ticket 
for the tour, costing 75¢, in order to be admitted 
to the dining room. The General Assembly Build- 
ing is at First Avenue and 46th Street, and may be 
reached by taxi or by the 42nd Street or the 50th 
Street crosstown bus lines. For those living uptown 
or downtown, there is an uptown busline on First 
Avenue, downtown on Second Avenue, from which 
transfers may be obtained to some (but not all) 
of the crosstown lines. The General Assembly Build- 
ing is adjacent to the tall Secretariat Building, and 
signs will direct visitors to the main entrance on 
the north side. 

Ladies desiring tickets to TV or Radio shows 
will be assisted. They are reminded that some such 
shows are very popular and often filled far ahead. 
Any ladies who wish to ask for ticket reservations 
may do so by writing to Mrs. S. A. Korff, 156 East 
79th Street, New York 21, New York, stating 
which show and what day they want tickets for. 
The tickets will be held at the ladies desk at the 
Hotel McAlpin for a reasonable time. The tickets 
are generally free. 

Information about the location of some of the 
better-known stores, the plays currently being pre- 
sented, restaurants in the vicinity, and visits to 
Radio City Music Hall will be available at the 
ladies’ desk. Maps will be provided if possible. 


Post-deadline ten-minute papers, pertaining to 
very recent achievements of very special impor- 
tance, will be considered for admission to a special 
supplementary programme if the abstracts are 
received at the office of the Society not later than 
Friday, January 21. The titles of such as are 
accepted will be written on a blackboard near the 
registration desk, and the papers will be given at a 
special session on Thursday afternoon in the Mosaic 
Room of the Hotel New Yorker. Advance informa- 
tion as to whether a paper is or is not accepted 
cannot be given. 


Prospective meetings and deadlines of the So- 
ciety are listed on page 6, together with the 
requirements for the preparation of abstracts. 

The abstracts published in the following pages 
will be reprinted, identically as they now stand, in 
an early issue of The Physical Review. Errata will 
be printed on a following page of the Review if 
received not later than Monday, February 14, by 
Miss Ruth Bryans, American Institute of Physics, 
57 East 55th Street, New York 22, New York. 
Do not send in the abstract marked with correc- 
tions; write out the corrections in the form “instead 
of ... read... .”” Do not add anything. 


KarL K. Darrow, Secretary 
American Physical Society 
Columbia University 

New York 27, New York 





Preliminary Announcement of the 1955 March Meeting 


The 1955 March meeting will be held in Balti- 
more, Maryland, on Thursday, Friday, and Satur- 
day, March 17, 18, and 19, 1955. Deadline (January 
14) may be past when this Bulletin appears, but 


our members will have had ample advance notice. 
The meetings will be held in the Lord Baltimore 
Hotel, and this hotel should be chosen by our 
members for their room reservations. 





Preliminary Announcement of the 1955 Spring Meeting 


The 1955 Spring meeting will be held in Wash- 
ington, D. C., on Thursday, Friday, and Saturday, 
April 28, 29, and 30,1955. Deadline is February 18. 


The March issue of the Bulletin will carry informa- 
tion about hotels. 








(Please keep this page on file !) 


MEETINGS AND DEADLINES FOR THE REMAINDER OF 


Place Meeting dates 
New York January 27-29, 1955 
Baltimore March 17-19 
Washington April 28-30 
Toronto June 22-24 


Mexico City 


August 31, Sept. 1-2 


THE SEASON 1954-1955 


Deadline date 


past 

January 14, 1955 
February 18 

not decided 

not decided 


Abstracts of contributed papers for the foregoing meetings are to be sent to Karl K. Darrow, American 
Physical Society, Columbia University, New York 27, New York. To avoid danger of confusion, please do 
not send abstracts for any meeting until the deadline date of the previous meeting is past. 


RULES IMPOSED ON ABSTRACTS 


The Council has ordered that abstracts shall be 
not longer than two hundred (200) words or the 
equivalent thereof. In reckoning equivalence, a 
footnute is equated to ten words; each line in a 
table to ten words; a “display’’ formula—one that 
requires a line to itself—is an expensive luxury 
equated to forty words. ; 

Two copies of each abstract must be sent to the 
appropriate office. They must be typewritten and 
double-spaced ; one must be an original, the other 
may be an original or a carbon copy. Each abstract 
must be confined to a single page: if it is too long 
for a single page it is too long to be printed. Write 


each abstract as a single paragraph : the suppression 
of paragraphs costs time and labor to the editors. 
Look at the abstracts in this Bulletin to see how the 
title of the paper and the name of the author are to 
be arranged and follow the example. Issues of the 
Bulletin are sometimes appreciably delayed because 
the editors have to do what the authors should 
have done 

Remember the rule of the Council that, if an 
author submits more than one abstract, all but one 
must go onto the Supplementary Programme. In 
enforcing this rule, an abstract is credited to the 
author whose name appears first in the by-line. 
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EPITOME OF THE 1955 ANNUAL MEETING 


Personal names are those of invited speakers.) 


THURSDAY MORNING AT 10:00 


Neutron physics, I. Manhattan Center, Masonic Room. 

Discharges and ions in gases. McAlpin, Colonial Room. 

Metals. New Yorker, Panel Room. 

Apparatus of nuclear physics. Manhattan Center, Gold Room. 

Meson and high-energy theory. McAlpin, Red Room. 

Liquid state; fluid dynamics; Business Meeting of Division of Fluid Dynamics. McAlpin, Green Room. 


THURSDAY AFTERNOON AT 2:00 


Symposium of Division of Fluid Dynamics: Chandrasekhar, Savedoff, Sciama, Schwarzschild. Manhattan Center, Gold 
Room. 

Symposium of Division of Electron Physics: Fox, Inghram, Kaplan; Business Meeting of Division of Electron Physics. 
New Yorker, North Ballroom. 

Gordon; microwaves. McAlpin, Colonial Room. 

Neutron physics, Il. Manhattan Center, Masonic Room 

Cosmic rays; Kaplon. McAipin, Green Room. 

Jastram, Kofoed-Hansen, Michel, Wilkinson. New York University, Vanderbilt Hall. 

Statistical theory; Peierls. McAlpin, Red Room. 

Post-deadline papers, if any. New Yorker, Mosaic Room. 


FRIDAY MORNING aT 9:00 


Business Meeting of American Physical Society. New York University, Vanderbilt Hall. 


FripAy MorNING AT 10:15 


Menon, Yash Pal, Dallaporta, Salant. New York University, Vanderbilt Hall. This session to begin when Business 
Meeting ends. 

Scattering of elementary particles; Strauch. McAlpin, Colonial Room. 

Electron physics. McAlpin, Green Room. 

Various topics in solid-state physics; Brockhouse. Manhattan Center, Masonic Room. 

Beta and gamma emitters, 1. New Yorker, Panel Room. 

General nuclear physics; Hamilton, Cohen. Manhattan Center, Gold Room. 

General theory. McAlpin, Red Room, 


FRIDAY AFTERNOON AT 2:00 


Joint ceremonial session: Bethe, Eaton, Wigner. Promenade Ballroom, Manhattan Center. 


FRIDAY EVENING AT 7:00 


Banquet of the American Physical Society and the AAPT, New Yorker, Grand Ballroom. Smyth, Bell. 


SATURDAY MORNING AT 9:30 


Semiconductors, I. Manhattan Center, Masonic Room. 

Cryogenics, I.; Atkins. McAlpin, Green Room. 

Quadrupole and magnetic resonance; Bloembergen, Ruderman. Manhattan Center, Gold Room. 
Reactions of transmutation and nuclear energy-levels, 1. McAlpin, Colonial Room. 

Beta and gamma emitters, Il; angular correlation. New Yorker, Panel Room, 

Mesons. New Yorker, North Ballroom. 

Theoretical physics, including S-matrix and atomic theory. McAlpin, Red Room 

Segré, Rose, Bakker, Crewe, Glaser. New York University, Vanderbilt Hall. 


SATURDAY AFTERNOON AT 2:00 


Semiconductors, Il. Manhattan Center, Masonic Room. 

Molecular-beam, optical, biological physics. New Yorker, Panel Room. 

Smith ; cryogenics, II. Manhattan Center, Gold Room. 

Reactions of transmutation and nuclear energy-levels, Il. McAlpin, Colonial Room. 
Ferromagnetics and ferroelectrics. McAlpin, Green Room 

Heavy mesons and hyperons. New Yorker, North Ballroom. 

Nuclear theory. McAlpin, Red Room. 








PROGRAMME 


THURSDAY MORNING AT 10:00 


Manhattan Center, Masonic Room 


(W. W. Havens, JR., presiding) 


Neutron Physics, I 


Al. Neutron Inelastic Scattering. Janet 15. Guernsey,” 
AND A. Wattenserc, M. J. T.—Low-energy gamma-rays 
(between 100 and 350 kev) have been observed from the 
inelastic scattering of neutrons by several heavy nuclides. The 
Rockefeller electrostatic generator was used as a source of 
neutrons from 0.2 to 2 Mev, from the reaction H*(p,n). A 
ten-channel analyzer and a thin Nal (TI) crystal were used as 
the detecting system. The crystal thickness was determined 
experimentally to minimize neutron background effects and 
retain sufficient resolution for the detection of the gamma 
rays. Yield curves will be presented for the following elements : 
tantalum, platinum, gold, hafnium. 


* On leave from Wellesley College. 


A2. Gamma Radiation from Interaction of 4.4 Mev Neu- 
trons with Fe** and Fe”.* Ro_r M. Sincvair, Westinghouse 
Research Laboratories.—A 32-gram scatterer enriched to 35 
percent Fe“ was bombarded with 4.4-Mev neutrons, and the 
resultant gamma radiation detected with a Nal (TI) crystal. 
Comparison with the results from similar scatterers of normal 
iron shows that a 1.37- +0.02-Mev gamma ray comes from 
Fe, and that the well-known 850-kev gamma ray comes from 
Fe", The cross section for production of the former gamma ray 
is 0.604-0.08 that of the latter. The 1.37 Mev gamma ray is 
tentatively assigned to the reaction Fe(n,n')Fe™*(y)Fe™, 
from the first excited state. This energy value, together with 
that of the first level in Fe, is consistent with similar energies 
for other sets of isotopes in the vicinity of magic neutron 
numbers,':* 

* Supported in part by the joint program of the Office of Naval Research 
and the U. 8. Atomic Energy Commission. 


1G. Scharff-Goldhaber, Phys. Rev. 90, 587 (1953). 
*P, Stihelin and P, Preiswerk, Nuovo cimento 10, 1219 (1953). 


A3. Differential Elastic Scattering of 14-Mev Neutrons. 
J. O. Ettior, Naval Research Laboratory and University of 
Maryland,—The differential elastic scattering cross sections of 
Bi, Ta, In, Fe, and S for 14-Mev neutrons were measured at 
laboratory scattering angles between 5° and 55° with an angu- 
lar resolution varying from +1° to +3° using the T7(d,n)He* 
reaction as a source of primary neutrons. Measurements were 
performed at 90° to the deuteron beam using cylindrical scat- 
terers with wall thicknesses designed to scatter elastically 
approximately 10 percent of the incident beam, The neutron 
detector consisted of a stilbene crystal 1 cm in diameter by 1 
cm long mounted on a Dumont 6292 photomultiplier, the 
output pulses were biased in such a way as to retain only those 
corresponding to a neutron energy of at least 12 Mev. Cor- 
rections to the measured cross-section values for the presence 
of twice-scattered neutrons and for the effect of the angular 
resolution have been calculated. An estimate of the contri- 
bution from inelastically scattered gamma rays has been made. 


A4. Cloudy Crystal Ball Analysis of 14 Mev Elastic Neutron 
Scattering Data. W. R. Faust, R. C. O'Rourke, anp J. O. 
Ex.uiot, Naval Research Laboratory.—Calculations have been 
made of the differential elastic cross section for bismuth by 
use of an interaction potential of the form Vo(1+7f). The 
parameters Vo, ¢, and R, the nuclear radius, were all varied to 


obtain the best fit to the experimental data' according to the 
following criteria: (a) a least squares fit which perhaps weighs 
unduly the portion of the experimental curve prior to the first 
minimum; (b) the best fit as determined by eye for small 
angles as well as those near the first maximum. The latter 
procedure was used because of the relatively large experimental 
error ne r the first minimum. Preliminary values obtained by 
the least squares method, yield Vo=18.6 Mev, ¢=0.01 and 
R= (1.16 to 1.26) K A! 10" 


1J. O. Elliot, “Differential elastic scattering of 14-Mev neutrons,” 
Bull. Am. Phys. Soc. (unpublished 


AS. Determination of Nuclear Level Density. 5. EF. DARDEN, 
A. OKAZAKI, AND R. L. Becker, University of Wisconsin.* 
The attenuation of a neutron beam deviates from exponential 
dependence on sample thickness when the total cross section 
varies over the energy spectrum of the incident beam, an 
effect which gives rise to the hardening of a beam passing 
through an absorber in the 1/v region. For neutron energies 
near 100 kev, where only S-wave neutrons should interact 
appreciably, the magnitude of such deivations depends on the 
average ratio of width to spacing of the levels of the com- 
pound nucleus, providing the energy spread of the neutron 
beam is large compared to the level spacing. The transmission 
of a thin sample was measured to one-half percent statistical 
accuracy, after which the neutron beam was filtered through a 
thick sample of the same material and the transmission of the 
thin sample remeasured. The increase in transmission with the 
filtered neutrons can be related to [’,,/D. Eleven elements were 
investigated for neutron energies between 100 and 200 kev. 
The results indicate variations in l’,,/D as a function of atomic 
weight in qualitative agreement with the predictions of the 
complex square well model of nuclear scattering.' 


* Work supported by the U. S. Atomic Energy Commission and the 


Wisconsin Alumni Research Foundation 
1 Feshbach, Porter, and Weisskopf, Phys. Rev. 96, 448 (1954). 


A6. An Analysis of Neutron Self-Indication Transmission 
Cross Sections. J. E. MONAHAN AND A. LANGspoRF, JR., 
Argonne National Laboratory.—If all neutrons interacting with 
a “detector’’ sample are detected equally, transmission meas- 
urements determine a mean exponential, ¢ No’ 2 {/Re~Ne 
xX(li-—e Mo)\dB/ (RI e-™*)dE, where R(E) is the neutron 
spectrum; o(Z) and a’(N,M) are microscopic and measured 
cross sections, respectively; and N, M, atoms per cm? of 
transmission and detector sample, respectively. Defining 
o(E)=&(1+8(2£)), the moments of 5 are (6/)= {/RidE/ 
JS RdE. The condition, (6)=0, defines ¢. Expansion of the 


exponential gives 
a tise (7 M Ja" 
oe? ~ exp(Mé)—1 
' N? M(N+M) 

6 2[exp(Mé@)—1] 
In the limit M-+, this becomes the simpler expression for 
ordinary ‘‘flat’’ detection o'’(N). The series for a’, da’’/dN, 
a’, and de’/dM converge in the limits N-+0 and M-+0. The 
convergence of de’/dN as N-0 is conditional upon the 


G(5*) +--+, 
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behavior of all (6/); thus extrapolation of «’ to N =0 from prac- 
tical sample thicknesses is not always possible. 


A7. Measurement of Neutron Transmission Cross Sections 
by a Self-Indication Technique. A. Lancsporr, J. E. Mona- 
HAN, AND F. PauL MoorinG, Argonne National Laboratory.— 
The simplest application of the analysis of the preceding 
abstract to self-indication data yields values of @ and (8) over 
the energy band AE in which R#0. This value of & is more 
accurate than that obtained by measuring the ordinary “‘flat”’ 
detected transmission cross section at several sample thick- 
nesses. Data of & versus E, then, give the resonance area oo!" 
for an isolated resonance that is not too poorly resolved. If 
experimental conditions permit the evaluation of (8), and if 
R(E) is known adequately, all the resonance parameters can 
be evaluated for an isolated resonance even though it is poorly 
resolved. Another application is the detection of structure in 
a(E) within the band AE, even if this be made up of many 
resonances, unresolved or even overlapping. In this case, 
(6*) and (4°) may be interpreted, perhaps not unambiguously, 
in terms of suitable models, involving, for example, the con- 
cept of a mean resonance height and a mean width-to-spacing 
ratio. Experimental data of these types obtained using the 
Argonne electrostatic generator neutron source will be 
presented. 


A8. Neutron Cross Sections in the 4 Mev Range.* W. S. 
EMMERICH, Westinghouse Research Laboratories.—Total cross 
sections and angular distributions for elastic scattering of 4.0- 
and 4.4-Mev neutrons have been calculated using the model of 
Feshbach, Porter, and Weisskopf' with V>=36 and 40 Mev 
and ¢==0.05. The results have been compared to experimental 
data between 3.7 and 4.7 Mev. Agreement for total cross sec- 
tions has been improved by using R =roA! +p as the radius of 
the potential well with tentative values of ro=1.26X10~" cm 
and a)=0.70X10-" cm. Experimental differential elastic 
cross sections have been plotted as a function of R for compari- 
son purposes and, except for light elements where strong 
individual resonances appear, agree with the general features 
of the theory. The calculated compound nucleus formation 
appears too low, however, for the observed nonelastic cross 


sections, and the use of other values of V» and ¢ will be dis- 
cussed in this energy range. 
* Su rted in part by the U. S. Atomic Energy Cor mission and the 


Office of Naval Re« arch 
! Feshbach, Porter, and Weisskopf, Phys. Rev. 90, 166 (1953). 


A9. Interaction of High-Energy Neutrons with Molyb- 
denum. R. W. Waniek, R. Fox, L. Garripo, ann E. G. 
Si_ver.*——Molybdenum wires (14m radius) embedded in 
Ilford GS emulsions were exposed under good geometry con- 
ditions to the neutron beam of the Harvard 95-in. synchro- 
cyclotron."? Runs were taken at neutron energies of 40, 70, 
and 110 Mev by changing the location of the Be-target and the 
collimation channels. The plates were scanned for events along 
the wires, and the spatial angle as well as the range were deter- 
mined for each outcoming prong. The energy spectra as well as 
the angular distributions of the secondaries (only protons and 
alphas being considered) will be presented. The proton spectra 
produced by the neutrons at the three different energies exhibit 
similar peaks around 3.5 Mev. The angular distributions of 
these low energy particles is anisotropic. 

* Now at Oak Ridge School of Reactor Technology. 


' FE. G. Silver and R. W. Waniek, Phys. Rev, 95, 586 (1954). 
2E. G, Silver and R. W, Waniek, Rey. Sci. Instr, 25, 119 (1954), 


A10. More Experimental Evidence for the Optical Model 
for Neutrons between 60 and 110 Mev.* VauGun CULLER 
anp R. W. Wantek, Harvard University.—Results from the 
measurements of total cross sections for neutrons between 60 
and 110 Mev made at the Harvard 95-inch synchrocyclotron' 
have been analyzed using optical models.** As expected, rea- 
sonably good agreement was obtained for the higher energies, 
whereas at the lower energies the fit could be reached only for 
very improbable values of the parameters involved. From the 
97-Mev data the analysis by Fernbach's model* yields a 
nuclear radius of 1.40 A!X10~" cm; at 81 Mev the radius 
becomes 1.46 A!X10~™" cm, 

* Supported by the joint program of the Office of Naval Research and 
the U. S. Atomic Energy Commission, 

1V. Culler and R. W. Waniek, Phys. Rev. 95, 585 (1954). 


* Fernbach, Serber, and Taylor, Phys, Rev. 75, 1352 (1949), 
'W. Heckrotte, Phys. Rev. 95, 1279 (1954), 





THURSDAY MorninG AT 10:00 


McAlpin, Colonial Room 


(L. H. Fisner, presiding) 


Discharges and Ions in Gases 


Bl. An Analysis of the Plasma of Fluorescent Lamps, I. 
F. Bitter, M. I. T., anp J. F. Waymoutn, Sylvania Electric 
Products Inc.—An attempt has been made to explain the 
properties of the ‘‘plasma"’ of fluorescent lamps in considerable 
detail, using the ambipolar diffusion theory of Schottky,' 
modified to include ionization by multiple electron impacts. A 
significant factor in the electrical behavior of the plasma is the 
concentration of mercury atoms in the excited state (*P,) and 
in the metastable state (we consider only one, which may be 
thought of as a combination of "po and *p, metastable states), 
These concentrations are calculated as functions of lamp 
parameters and operating conditions. Ionization is assumed to 
occur by electron collisions with excited and metastable atoms. 
The cross section for this process is one of two inaccurately 
known parameters, which we treat as adjustable constants, 
occurring in the calculations. The other is the average absorp- 


tion coefficient for quanta of the resonance line, which has a 
complicated hyperfine structure. A comparison of theoretical 
prediction with experimental data is undertaken in the follow- 
ing communication, 


!W. Schottky, Physik Z. 25, 635 (1924), 


B2. An Analysis of the Plasma of Fluorescent Lamps. II. 
J. F. Waymourn, Sylvania Electric Products, Inc., ann F. 
Brrrer, M. I. T.—Qualitative agreement of the theory out- 
lined above with experiment is demonstrated for all the derived 
quantities as functions of the several parameters of the dis- 
charge. The magnitudes of the calculated electron tempera- 
ture, electric field, total light output, and efficiency are also 
in sufficiently good agreement with experimental values for the 
lamps of greatest commercial interest to permit extrapolations 
to lamps of hitherto-untried dimensions and pressures to be 
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made with a good deal of confidence. Optimum agreement of 
theory with experiment is obtained using a mean life time of 
ultraviolet photons in the discharge 3.6 times that employed 
by Kenty,' and with a value 3.3 for the ratio of cross section for 
ionization of excited state to that of the ground state, as com- 
pared to the “order of magnitude’’ quoted by Klarfeld.? 


1C. Kenty, J. Appl. Phys. 21, 1304 (1950), 
2B. Klarfeid. Tech. Phys, U.S.S.R. 5, 913 (1939). 


B3. Spectroscopic Study of the Discharge and Afterglow 
Produced in Nitrogen by Pulsed Microwaves. Grorces 
Déjarpin, Josern JANIN, AND IVAN Eyraup, Université de 
Lyon,—The luminous discharge and afterglow excited in pure 
nitrogen by pulsed microwaves (3.2 cm) have been studied by 
means of a monochromator behind which is a multiplier photo- 
tube connected with an oscilloscope. A suitable electronic 
arrangement enables this device to give the two curves repre- 
senting the pulse modulation (width: 2 microseconds) and the 
variation in intensity of the isolated radiation. The results so 
obtained have been confirmed by using a spectrograph 
equipped with a stroboscopic disk. At relatively high pressures 
(25 mm), the emission of the second positive system, which 
reaches generally its maximum before the end of a pulse, can be 
essentially attributed to electron collisions. On the contrary, 
the recombination between ions N,* and electrons is probably 
dominant in the generation of the first positive system, for 
which the maximum occurs at the end of a pulse and the after- 
glow is much more persistent. Electron collisions and recom- 
bination of ions N.** seem to take part simultaneously in the 
emission of the negative bands. The same assumptions ex- 
plain the phenomena observed at low pressures (0.5 mm). The 
variations displayed on the oscilloscope screen are then widely 
different, but the negative bands can also be detected a long 
time after the second positive system has vanished. Moreover, 
the emission of the first positive bands, which is relatively 
weak during the discharge, is the strongest in the beginning of 
an afterglow decaying much more slowly than for the other 
systems. 


B4. Secondary Electron Resonance Discharge Mechanism. 
I. R. K. Smirner, Yale University, ano C. W. Hoover, JR., 
Bell Telephone Laboratories.—The secondary electron reso- 
nance discharge mechanism has been shown to be responsible 
for severe current loading of a cavity resonator intended for use 
as a rf accelerating section. Studies of this mechanism, using 


the resonator as a tool, have revealed additional features of | 


the mechanism, In particular, several breakdown regions have 
been observed at different accelerating voltages with dis- 
continuous transitions taking place between these levels under 
certain conditions as the power input to the resonator is in- 
creased, The breakdown voltage levels exhibit widely different 
power sensitivities, A “spike’’ or surge of rf voltage across the 
accelerating gap precedes breakdown in all cases. The effect 
on the operation of the resonator and the experimental method 
used to verify that the discharge observed was due to this 
mechanism will be described. The method used in studying 
the mechamism and the new features revealed will be discussed 
Finally, the various means used to suppress the build-up of 
current through this mechanism will be given. 


BS. Secondary Electron Resonance Discharge Mechanism. 
Il. C. W. Hoover, Jr., Bell Telephone Laboratories, and RK. K. 
Smiruer, Yale University.—The simple theory of the secondary 
electron resonance discharge mechanism is extended to account 
for the experimental results described in Part I. Multiple 
breakdown levels are explained on the basis of dynamic and 
energetic limitations on the process. A phase stability crite- 
rion is developed which shows which of the breakdown modes 
dynamically and energetically possible, will build up. This 
same criterion is also applied to explain the varying power 
sensitivity of the breakdown levels, the conditions for dis- 


continuous transitions between levels, and the ‘‘spike”’ effect. 
\n expression for current build up in the breakdown region is 
derived to within a constant x the current amplitude. Finally 
a criterion is developed which can be applied in the design of 
any show whether breakdown through this 
mechanism will result in serious loading. Possible means for 
suppressing this mechanism suggested by this study are given. 


resonator to 


Bo. Charge States of Hydrogen Ions in Gases. P?. M. Stier, 
C. F. Barnett, R. A. Howarp,* anp W. BuGcG,t Oak Ridge 
National Laboratory.—Measurements of charge exchange 
cross sections for hydrogen ions passing through gases have 
been extended to the energy region 3 to 30 kev. The present 
experiment determines the fraction of the hydrogen beam in 
each charge state (+1, 0, and —1) after passage through a 
“thick”’ gas target, i.e., sufficient gas for equilibrium to be 
established between competing electron capture and loss 
reactions. Also, a determination is made of the cross section 
for a neutral atom to gain or lose an electron, i.e., become a 
[he target gases used were hydrogen, 
rhe present results 


positive or negative ion 
helium, nitrogen, oxvgen, neon, and argon 
join smoothly the curves obtained! at higher energies and for 
hydrogen as the target gas. The agreement with the results of 
Whittier® is excellent. At low energies, the average charge of 
the hydrogen beam is different for the various gases. In helium 
it is nearly +1, but approaches 0 in the more easily ionized 
gases. This behavior is equivalent to that observed for the 
heavier ions (e.g., A*) at much higher energies. 

* Permanent address: University of Oklahoma 

t Present address: University of Tennessee 


1 Stier, Barnett, and Evans, Phys. Rev. (to be published 
2A. Charles Whittier, Can. J. Phys. 32, 275-290 (1954) 


B7. Electron Loss Cross Sections of Moving Helium Atoms. 
Sot KRASNER, University of Chicago, AND J. Cuevas, Univer- 
sity of Chicago and Junta de Energia Nuclear, Madrid, Spain 
(introduced by S. K. Allison).—When helium atoms with 
velocities comparable to or greater than e/h (2.19108 
cm/sec ; 100 kev) traverse matter they may be ionized through 
the loss of one or both electrons in a single atomic encounter. 
In our experiments a unidirectional beam in charge equilibrium 
is produced by admitting gas to a chamber through which 
He* ions pass after acceleration in a Cockcroft-Walton circuit. 
[he attenuation of the He® component is observed as gas is 
admitted to a subsequent compartment, in the presence of a 
transverse magnetic field so adjusted as to impose a radius of 
curvature of 23.7 cm on any He* ions formed by electron loss 
The sum of the loss cross sections for the removal of one or 
both electrons has been measured in H., He, and air for He 
atoms of kinetic energies 100 to 450 kev. These cross sections 
are somewhat larger than those measured by our group! for 
hydrogen atoms and show, in the region investigated, an 
increase rather than a decrease, with increasing energy. 


1]. H. Montague, Phys. Rev. 81, 1026 (1951 

B8. Double Electron Capture by Alpha Particles in Helium. * 
D. D. Bertrs ann J. D. Jackson, McGill University.—Using 
the adiabatic impact parameter of Kohn,' the double electron 
capture cross section for slow @ particles in helium has been 
calculated. Evaluating the appropriate molecular energy 
curves for the He,** molecule ion presented the chief diffi- 
culty. Results show that the cross section can be represented 
approximately by [9.9 — 1.3 logE (ev) ]rao* for energies between 
1 and 10* ev. An approximation method, based on the validity 
of a first-order perturbation calculation for large impact 
parameters combined with the known qualitative behavior of 
the capture probability at small impact parameters, has been 
developed for resonance capture processes, Application of this 
method to the foregoing double-capture problem, as well as to 
the capture of a single electron by H* in H and He?* in He, 
yields results in fair agreement with the more exact calcula- 
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tions.** The possibility of using the approximation technique 
in more complicated resonance capture processes will be 
discussed. 

* Supported by the National Research Council of Canada. 

1W. Kohn, Phys. Rev. 90, 383A (1953). 

*A. Dalgarno and H. N. Yadav, Proc. Phys. Soc. (London) A66, 173 


1953). 
3 J. D. Jackson, Can. J. Phys. 32, 60 (1954) 


B9. Cross Sections for Electron Capture and Loss by 26- 
Mev Nitrogen Ions. A. Zucker, H. L. ReyNotps, anp L. D. 
Wy ty, Oak Ridge National Laboratory.—Electron capture and 
loss cross sections in zapon for 26-Mev nitrogen ions have been 
measured. N’*+, N®*+, and N** charge groups separated by the 
fringing magnetic field of the cyclotron were passed through 
zapon foils varying in thickness from about 3yug/cm?* to 6 
ug/cm?*. These foils were sufficiently thin so that charge equi- 
librium was not achieved. The relative intensities of the non- 
equilibrium charge distributions were analyzed by graphical 
methods to determine the following ratios of the cross sections 
06/067 = 2.6, o/065=3.8, and o¢7/o0%=0.78. Assuming that an 
average atom in zapon has a mass of 14, the cross sections for 
electron capture and loss per atom for 26-Mev nitrogen ions 
are: o¢5=2.0XK10°" cm’, o7%=3.8XK107" cm’, a6 =7.7 X10" 
cm’, and o¢;=3.010~" cm*. The probable errors in these 
values are approximately 20 percent. Nonequilibrium charge 
distributions as a function of foil thickness will be presented 
for initial beams consisting entirely of any one of the ion groups 
N’+, N+, or N5*, 


B10. Validity Criteria for Calculating the Differential Cross 
Section for Collisions of Kev Ions with Atoms.* GrraLp 
STONE, RopertT CARBONE, AND EpGAR EVERHART, L/niversity 
of Connecticut.—For a classical determination of the differ- 
ential cross section for single collisions of kev ions with atoms 
to be valid there are two necessary conditions. The first is that 
the de Broglie wavelength A of the incident particle be small 
compared with any significant dimension x of the scattering 
center. It is shown that this condition is satisfied for a 100-kev 
helium ion colliding with an argon atom when the wavelength 
of the helium ion is compared with the distance of closest 
approach for a Coulomb potential. The condition is also ful- 
filled when this wavelength is compared with other significant 
dimensions of the argon atom. The second condition for the 
validity of the classical solution is that the deflection due to 
the collision must be well defined with respect to the uncer- 
tainty relationship. It is shown that this condition is satisfied 
for 100 kev ion-atom scattering when the electron screening is 
neglected. If the potential is screened, the condition is also 
fulfilled for ions deflected greater than about 7 X10~* radian. 
The quantum-mechanical Born approximation is valid for 


deflections less than this angle. Thus there is a large region of 
validity for classical calculations of kilovolt energy ion-atom 
scattering. 


* Supported by the Office of Ordnance Research. 


B11. Cross Section Measurements for Large Angle Col- 
lisions of He, Ne, and A Ions with Argon Gas Atoms at 
Energies from 25-100 kev.* Rowert J. CARBONE, GERALD 
STONE, AND EpGar Evernart, University of Connecticut.— 
The differential cross section for the scattering of positive 
charge from collisions of noble gas ions with the target gas 
argon has been investigated. The ion beam is passed through a 
chamber containing the target gas at a pressure of a few 
microns of Hg which is low enough to insure that single colli- 
sions will predominate. The particles scattered out of this 
beam are collected in a Faraday cage which measures the total 
positive charge. This cage incorporates collimating slits to 
select only those particles at a chosen scattering angle @ within 
a 2° resolution. The apparatus allows the angle @ to be varied 
continugusly up to 40°. Data is presented for collision of singly 
ionized helium, neon, and argon with argon atoms at 25, 50, 
and 100 kev. The experimental points are compared to the 
classical Rutherford differential cross section and to a differ- 
ential cross section which allows for screening by the atomic 
electrons. 


* Supported by the Office of Ordnance Research. 


B12. A Comparison of the Energy to Make an Ion-Pair 
in Various Gases for Alpha and Beta-Particles. WiLtiam P. 
Jesse AND JouN Sapauskis, Argonne National Laboratory.—- 
A series of measurements has been made of the relative cur- 
rents produced in different gases by beta-particles from Nis 
and from tritium sources in an ionization chamber. In all cases 
only relative current measurements with argon as a standard 
gas have as yet been made. The value of W, the average energy 
to make an ion-pair for each of the different gases computed 
relative to argon as a standard, is found to be the same for the 
Nies and tritium sources, If these relative Wg values are 
plotted against previously determined W, values for polonium 
alpha-particles, a marked difference is observed in the gases 
investigated. For hydrogen and the noble gases the plotted 
points lie closely on a 45° straight line through the origin. Thus 
for these gases the ratio Wg/W, is constant. This constant may 
well be unity, but this is not proved as yet by these results. 
For all other gases so far investigated the plotted points lie 
below the 45° line, indicating a higher efficiency of ionization 
(and a lower W) for the beta-particles than fer the polonium 
alpha-particles. The apparent significance of these results will 


be discussed. 


THURSDAY MORNING AT 10:00 


New Yorker, Panel Room 


(S. L. Quimsy, presiding) 


Metals 


Cl. Electron Band Structure of Iron. Josernu CALLaway, 
University of Miami.—The electron band structure of the 
body-centered cubic form of iron has been calculated by the 
orthogonalized plane wave (OPW) method. The crystal 
potential is determined from the superposition of charge 
densities, obtained from a Hartree field for the d*s* configura- 
tion of the free atom. Exchange effects are studied using 


Slater's free electron approximation to the exchange potential, 
Since the Hartree wave functions for the core states do not 
include exchange, the OPW method fails for states of pre- 
dominately S symmetry. These are treated by the cellular 
method. The OPW method has been modified to improve con- 
vergence of the wave function for states of D symmetry. The 
bands formed from the atomic d electrons are narrow, about 
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2 volts wide. The splitting of the d bands at the center of the 
Brillouin zone is much smaller than at the corners and faces 
of the zone, with maximum separation occuring at the point N. 
The problem of determining the relative position of the S and 
D levels will be discussed. 


C2. Thermal Scattering of Electrons between Bands in a 
Metal.* Joun B. Gisson, Iowa State College (introduced by 
J. M. Keller).—The method of deformation potentials! has 
been extended to apply to the case of multi-band metals. All 
terms to first order in the strain have been retained. The theory 
involves energies for homogeneously strained crystals. These 
are expanded by perturbation theory in terms of wave func- 
tions of the unstrained crystal. This is particularly simple if 
one assumes a “rubber potential’ that deforms with the 
lattice, and if one makes a corresponding change of variable. 
The dependence of energy on strain can then be expressed 
directly in terms of the effective mass tensor and the velocity 
vector, The scattering amplitude is, as usual, proportional to 
the integral over one cell {'uy/y*uyidr, where the Bloch wave 
function for the Ith band is ~y:=/"*''uy;. For small angle 
scattering this integral is constant for transitions within the 
same band, while it is proportional to g, the phonon propaga- 
tion vector, for transitions between bands. 

* Work was performed in the Ames Laboratory of the U. S 


Energy Comm . 
‘J, Bardeen and W. Shockley, Phys. Rev. 80, 72 (1950). 


C3. Energy Levels in Metallic Potassium.* FE. L. Jossem 
AND L. G. Parratt, Cornell University.—Information about 
electron energy levels in metallic potassium has been ob- 
tained from the x-ray K emission and absorption spectra. The 
emission lines were studied with a bent crystal focusing 
vacuum spectrometer with a proportional counter detection 
system. Of the several lines in this region, the 6; and A, are of 
principal present interest. The 6; line, the strongest in the 
region, represents the transition to the 1s level of an electron 
associated with the 3p band. This line is observed to have the 
same energy position, width and shape in metallic potassium 
as in chemical compounds of potassium (e.g., KCl). It is 
tentatively concluded that the 3p band in potassium, some 
18.4 ev below the Fermi surface in the metal, is narrow (about 
0,22 ev wide) and is but little affected by the nature of the 
surrounding atoms. The 8; line, a very weak line which appears 
just at the long wavelength side of the K-absorption edge, 
presumably involves the transition of an electron in the con- 
duction band to the 1s level. However, since the conduction 
band is nominally 4s, selection rules require that 8, represent 
that fraction of the conduction electrons having p-type 
symmetry. Discussion will be given of the width and shape 
of the Bs line. 


* Supported by the United States Air Force through the Office of Scien 
tific Research of the Air Research and Development Command, 


Atomic 


C4. Interpretation of Optical Properties of Metal Surfaces. 
S. Roserts, General Electric Research Laboratory.—Reflection 
of light from a metal is governed by the surface impedance 
which in turn defines a complex surface dielectric constant. It 
is shown that the observed surface dielectric constants of the 
metals Ag, Au, Cu, Pt, Ir, and Ni obey an equation derived on 
the premise that surface dielectric constant is an analytic 
function of frequency. The surface properties of each of these 
metals, except possibly Au, are characterized by at least two 
relaxation rates which are related to the relaxation rates for 
conduction in the interior. An explanation for the existence of 
two relaxation rates, instead of one as previously assumed, is 
based on the band theory of metals. Theory indicates that 
there will be two types of conduction processes, each with its 
own relaxation rate whenever the Fermi level falls in a region 
of overlapping allowed energy bands. It has long been recog- 
nized' that both s and d bands are of importance for the con- 


ductivity of transition metals; however, this interpretation 
does not appear to have been extended to optical properties. 
It is now shown that even some nontransition metals may have 
two types of conduction electrons. 


'N. F. Mott, Proc. Roy. Soc. (London) A153, 699-717 (1936). 

CS. Disordering of Polyatomic Solids by Neutrons. E. G. 
Harris, Naval Research Laboratory.—A method is outlined for 
calculating the number of vacant lattice sites or interstitial 
atoms produced in a polyatomic solid by neutron radiation. 
It is assumed that the colliding atoms are in the energy range 
for which the orbital picture is valid and that the kinetic 
energy of the atoms is sufficiently low that no appreciable 
fraction of the energy loss occurs in inelastic collisions. Integral 
equations are derived which relate the number of interstitial 
atoms of each atomic species with the energy of the neutron 
which caused them. The asymptotic behavior of the solutions 
of these equations is examined. It is found that for high neu- 
tron energies the number of displaced atoms of each species is 
a linear function of the energy of the incident neutron. The 
equations are solved numerically for the interesting case of 
diatomic solids. A rigid sphere interaction between atoms is 
assumed, It is found that a high-energy neutron uses approxi- 
mately one-half of its energy in the production of displaced 
atoms. For monoatomic solids the results agree with those of 
Snyder and Neufeld.' 


'W.S. Snyder and Jacob Neufeld, Phys. Rev. 94, 760(A) (1954). 

C6. Relationship Between Small Angie Dislocation Boun- 
daries and Creep. Betsy ANckerR, Tuomas H. HAZLett, AND 
Eart R. Parker, University of California, Berkeley.—Small 
angle dislocation boundaries of controlled nature (sharp or 
diffuse) and density were introduced into high-purity poly- 
crystalline nickel prior to creep. By this method, the shape of 
the creep curve was varied drastically. The initial density of 
sub-boundaries ranged from an average of nearly zero per 
grain to a large number which was limited by the occurrence 
of recrystallization. X-ray microscopic examination showed 
that the dislocation networks developed during creep were 
nearly identical and were independent of the initial density 
and nature. They were characterized by a multitude of gener- 
ally parallel, very small angle boundaries (a few minutes) as 
well as some larger ones of the type developed by cold-work 
and recovery. The density of sub-boundaries developed during 
creep is also independent of the creep strain within the limits 
of 1 percent and 7.5 percent, the strain at which the most 
ductile specimens fractured. The near identity of the sub- 
structures developed during creep, irrespective of the initial 
sub-boundary density and the amount of creep strain, was 
further verified by the substantial equality of the specimens’ 
tensile strengths after creep. The only detectable difference in 
the sub-structures was an increase of the average sub-bound- 
ary angle with increasing total strain. 

C7. Propagation of Plastic Strain along Lead Bars. B. E. K. 
ALTER AND C. W. Curtis, Lehigh University.—The progress of 
a compressive pulse, produced by suddenly applying pressure 
to one end of a lead bar, has len followed by measuring strain 
in the bar as a function of time with circumferentially wound 
resistance gauges spaced at }-inch intervals. With sufficient 
pressure to produce plastic deformation in an initially un- 
strained bar, the pulse develops a small elastic head which can 
easily be distinguished from a more slowly moving plastic 
wave. The elastic head maintains an essentially constant 
magnitude and shape, whereas the plastic component spreads 
out rapidly. By using a double pulse technique to prestress 
the bar, it has been shown that the dispersion of the plastic 
wave cannot be accounted for by the von Karman-Taylor- 
White theory, neglecting rate of strain. The applicability of the 
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strain rate theory,'* which has recently been proposed to 
explain results obtained with copper,‘ will be discussed. 

'L. E. Malvern, J. Appl. Mech. 18, 203 (1951). 
R. J. Rubin, J. Appl. Phys. 25, 528 (1954). 


C. Riparbelli, J. Aeronaut. Sci. 21 (February, 1954). 
E. J. Sternglass and D. A. Stuart, J. Appl. Mech. 20, 427 (1953). 


2 

4 

C8. Anomalous Behavior of Cu,Au Quenched from above 
000°C. R. Feper ano A. S. Nowick,* Frankford Arsenal. 
The lattice parameter (at 25°C of CusAu in the ordered state 
is about 0.15 percent lower than in the disordered state. This 
fact is the basis of a method for studying ordering kinetics at 
temperatures below 385°C (the critical temperature) by 
means of lattice parameter measurements on powdered 
specimens. A study of the change in parameter with time of 
anneal (annealing temperatures in the range 210°C to 275°C) 
was carried out as a function of quenching temperature from 
400°C to 700°C. For specimens quenched in the range 400°C 
to 600°C, essentially the same ordering rate was observed 
independently of quenching temperature. Specimens quenched 
from above 600°C and annealed at 210°C quickly develop a 
broadening of all normal lattice lines on the side toward larger 
Bragg angles, although no broadening exists in the as-quenched 
condition. Because of this effect, the mean lattice parameter is 
changing far more rapidly than in those specimens quenched 
from below 600°C. This anomalous behavior may be inter- 
preted by assuming that nuclei for order are relatively rare in 
specimens quenched from above 600°C. 


* Permanent address: Yale University. 


C9. Critical Temperature for Self-Induced Ordering in 
Ag-Zn Solid Solutions.* Cui Yao Lif anp A. S. Nowick, 
Yale University.—The thermodynamics of stress-induced 
ordering in substitutional solid solutions has been shown' to 
follow in close analogy to the Weiss theory of paramagnetism. 
Specifically, the relaxation strength A for stress-induced order- 
ing varies inversely as T7—T,. The quantity 7, may be inter- 
preted as a critical temperature for self-induced ordering, i.e., 
below this temperature the lattice would order spontaneously 
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(without the presence of an applied stress) if atoms were 
sufficiently mobile. To investigate this phenomenon experi- 
mentally, values of relaxation strength have been obtained 
over a wide range of temperatures, for wire specimens of 
a-Ag-Zn alloys, by measurement of relaxed rigidity modulus, 
internal friction, and strain relaxation. The results show that 

e reciprocal of A plots against T in a straight line, as pre- 
dicted by the theory. From the intercepts, values of 7, of 
of 185°K, 153°K, and 131°K are obtained for alloys of 33.5, 
30.2, and 24.2 atomic percent zinc, respectively. 

* Work supported by the U. S. Army Office of Ordnance Research. 

t Now at Lehigh University, Bethlehem, Pennsylvania 


'C. Zener, Elasticity and Anelasticity of Metals (University of Chicago 
Press, Chicago, 1948), p. 111. 


C10. Effects of Heat Treatment and Ion-Bombardment 
Cleaning on the Catalytic Activity of a Pure Nickel Surface. 
R. F. Woopcock* anp H. E. Farnswortn, Brown Univer- 
sity. Investigations on surface catalysis for hydrogenation of 
ethylene at a clean nickel surface as a function of outgassing 
by heat treatment in high vacuum' have been continued. Im- 
provements have been made in reaction chamber design to 
eliminate spurious effects, and the heat treatment has been 
supplemented by positive ion-bombardment cleaning, followed 
by annealing.* The activity increases enormously with out- 
gassing up to 800° to 900°C in vacuum. In the present proce- 
dure, the surface is heated at 800°C for 30 minutes and further 
cleaned by ion-bombardment and subsequent annealing. The 
reaction chamber, and nickel specimen of about 4 cm* area, 
are held at a constant temperature in the range 60°C to 135°C 
during the reaction, with a total pressure of reactants of 12 
mm Hg. A mass spectrometer is used for detection. Imme- 
diately after bombardment the activity is greater than after 
heat treatment alone. However, after low-temperature 
annealing at approximately 600°C for 1 minute, the activity 
approaches zero. Possible interpretations of these results will 
be discussed. 

* Fellow, Sylvania ~) Products, Inc. 

'R. K. Sherburne and H, EF. Farnsworth, J. Chem. vie. 19, 387 (1951). 


* Farnsworth, Schiier, and “Burger, Bull, Am. Phys. Soc. 20, No. 7, 35 
(1954). 
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Manhattan Center, Gold Room 


(G. F. Tape, presiding) 


Apparatus of Nuclear Physics 


D1. Betatron Orbit Stability Studies. G. C. BaLpwin, 
General Electric Research Laboratory.—Experiments are de- 
scribed which are a continuation of work reported previously 
with a pulsed betatron in which the field index is controllable 
in the interval 0.5<n<0.9.' Capture of electrons scattered 
from the target into epitrochoidal orbits has been observed. 
Near n=} the beam is found to be radially unstable if the 
guide field contains a first harmonic azimuthal variation ex- 
ceeding a predictable critical magnitude. Excitation of radial 
oscillation by changing n to } is demonstrated to be an advan- 
tageous method of rapidly bringing the beam to the target at a 
desired azimuth, requiring relatively little stored energy. 
Resonant damping of radial injection oscillations? is indicated 
by the increased output produced by transient first harmonic 
perturbation of the guide field applied at 90° to injector 
azimuth. 


! Baldwin, Elder, and Westendesp, Five, Rev. 95, GO00(A) (1954). 
2S. E. Barden, Proc. Roy. Soc. (London) B64, 579 (1951). 


SEE me 


D2. Fixed Field Alternating Gradient Accelerators.* Kriru 
R. Symon, Wayne University and Midwestern’ Universities 
Research Association,—-It is possible, using alternating gradi- 
ent focussing, to design circular accelerators with dc magnets, 
having almost any desired radial dependence of energy. One 
can construct a static magnetic field distribution in which 
stable proton orbits between 0.5 Mev and 20 Bey will all lie 
inside a single doughnut of 1-meter radial aperture. The 
required magnet cross sections are not significantly greater 
than in conventional AG synchrotrons. In the simplest FFAG 
designs with some reverse field sectors, the over-all orbit 
radius is greater by a factor of 3 to 5 than that for a conven- 
tional AG sychrotron. A number of ways of reducing this factor 
are being studied. The use of dc magnets simplifies the magnet 
power supply, eliminates remanent field problems, simplifies 
saturation problems, and permits de trimming for imperfec- 
tions. If rf acceleration is used, accurate frequency tracking is 
unnecessary, and high repetition rates are practical. In many 
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designs, there is no transition energy. The vertical aperture can 
be made large at the injection orbit and small at the high 
energy orbit, with consequent saving in iron and relaxing of 
injection tolerances. Very low injection energies can be used 
with negligible increase in magnet cost. 


* Supported by the National Science Foundation. 


D3. Synchrotron Application of Reverse Field Types of 
Fixed Field Alternating Gradient Magnets.* L. W. Jones, 
K. R. Symon, K. M. Terwitiicer, anp D. W. Kersr, 
Midwestern Universities Research Association.—Details of the 
use of Symon's fixed field alternating gradient magnets in 
synchrotron construction will be described. The possibility of 
decreasing the large circumference due to the presence of 
reverse field sectors by making these sectors very short but 
with a correspondingly greater field gradient brings in impor- 
tant edge effects as a result of the strong taper of the sector 
edges. This edge effect is not important if the same gradient is 
used in forward and reverse field sectors. FFAG synchrotrons 
designed with the high energy orbit at the inner radius (nega- 
tive momentum compaction) have no transition energy. 
Typical parameters for multibillion volt FFAG proton syn- 
chrotrons with equal absolute values of gradients but different 
forward and reverse field sector lengths, with equal sector 
lengths but different gradients, and with short reverse field 
sectors will be shown. Transition energies are nonexistent or 
greater than the maximum particle energy. Possible pole 
structures having the field shaped by iron and copper, rf 
simplifications, and injection simplifications will be discussed. 


* Supported by the National Science Foundation. 


D4. Application of the Fixed Field Alternating Gradient 
Principle to Betratrons and Cyclotrons.* K. M. TreRwiLicer, 
L. W. Jones, D. W. Kerst, ann K. R. Symon, Midwestern 
Universities Research Association.—The essential idea in FFGA 
designs presented in accompanying papers is to provide sta- 
bility of betatron oscillations while having a spacial change in 
guide field sufficient to accommodate all particle energies. A 
betatron constructed or modified to become a FFAG acceler- 
ator would have an injection duty cycle and beam duty cycle 
of order 4(1—A@/¢), where A@ is the change in flux through 
the betatron accelerating core necessary to accelerate the 
electrons to full energy, and @ is the total possible change in 
core flux. This would allow acceptance times and possibly 
electron currents to be 10‘ times that of present accelerators. 
The spiral ridged pole design would allow 3 to 5 times more 
energy than the reverse field designs. If feasible, spiral ridges 
could convert synchrocyclotrons to constant frequency 
cyclotrons. The average field can be made to match the rela- 
tivistic increase of mass. The vertical defocusing produced by 
the radial increase of field is compensated by the alternate 
gradient effect of the spiral ripples in the field. 


* Supported by the National Science Foundation. 


DS. Fixed Field Alternating Gradient Accelerator with 
Spirally Ridged Poles.* 1). W. Kerst, K. M. Terwitticer, 
K. R. Symon, AND L. W. Jones, Midwestern Universities 
Research Association.If the magnetic field in the median 
plane of an accelerator is made to vary according to 


H = Ho(r/ro)*C{1 +f sin({7 —1r0} /A — N0) ] 


it is shown that for suitable parameters radial and vertical 
focusing result, the field is unidirectional, and the momentum 
spread held by such a machine is great enough to contain 
simultaneously the injected particles at the low field radius and 
the full energy particles at the high field radius. The applica- 


























tion of these spirally ridged magnet poles to the design of a 
multibillion volt accelerator will be discussed. The advantages 
are the same as those described by K. R. Symon in an accom- 
panying abstract, but the circumference is less. The radial 
aperture required for this ridged field is considerably greater 
than that for the usual A.G. synchrotron if we use field gradi- 
ents of the same magnitude. Possibilities of constructing this 
ridged field will be discussed. Ridged fields might also be 
applied to betatrons, synchrotrons, and synchrocyclotrons of 
lower energy to increase output. 


* Supported by the National Science Foundation 


D6. Analysis of Angular Distribution Data by Electronic 
Computers. L. C. BirepENHARN* AND A. Stwon, Oak Ridge 
National Laboratory.—The analysis of nuclear reaction and 
scattering angular distribution data has become a routine 
task, with extensive numerical tables available for applying 
standard theoretical results.' The task is, nevertheless, time 
consuming, even aside from the question of interfering levels, 
and testing all possible spin and parity assignments may be a 
sizeable problem. In such a situation the application of elec- 
tronic computers is clearly indicated. A general technique for 
the computation of Racah and Clebsch-Gordan coefficients 
already exists and has been used in preparing numerical tables.” 
Combining this with an automatic least squares fitting of the 
S-matrix parameters, such as is done by Fermi* for the meson 
scattering problem, we have a completely automatic routing 
for assigning spin parameters. We have coded for the ORACLE 
the general angular distribution solution for reactions as given 
in reference 1. For the present, only a single level was assumed, 
but this restriction will be removed in time. Sample problems 
have been analyzed, in from 10 to 15 minutes, involving tests of 
several hundred possible assignments of spins and angular 
momenta. 


* Now at Rice Institute 

'J. M. Blatt and L. C. Biedenharn, Revs. Modern Phys. 24, 258 (1952). 
References to the extensive literature on this subject may be found here. 

2A. Simon, Phys. Rev. 95, 657(A) (1954); Oak Ridge National Labora- 
tories reports 1679 and 1718 

* FE. Fermi, LA-1492 


D7. On the Bilateral Development of Thick Nuclear Emul- 
sions. RAYMOND Fox Anp R. W. Wanrek, Harvard University. 

rhe major limitation in the use of thick nuclear emulsions 
lies in the development process. To achieve a gain factor of 2 
or more in facilitating this processing we resorted to a bilateral 
development technique which yielded satisfactory results for 
emulsions up to 2000 microns thickness. To surmount the 
difficulties encountered in processing the stripped emulsions 
the following procedure was adopted: The two surfaces of the 
dry pellicule are confined by a gauze which is rendered ad- 
hesive by soaking in a solution of acetone and Duco cement 
The emulsion is thereby restrained from lateral expansion but 
possesses complete freedom in the direction of its thickness. 
rhe gauze is attached to a polyethylene frame to inhibit con- 
tractions and to ease handling. The pellicule secured in this 
way is then processed according to a low temperature tech- 
nique used at this laboratory (unpublished). After the washing 
stage the emulsion is mounted on a treated glass backing and 
carefully allowed to dry at high humidity. High energy tracks 
in the plate were scanned with a Koristka MS-2 scattering 
microscope to test for distortions and the results obtained will 
be presented 


D8. Response of Anthracene to Low-Energy Protons and 
Helium Ions.* E. J. ZimmMeRMAN, University of Nebraska.— 
Photomultiplier pulse amplitudes produced by light from 
anthracene crystals bombarded by protons and helium ions 











SESSION D 15 


from 25 to 375 kev have been measured. Both curves of pulse 
height vs energy are nonlinear, that for protons curving away 
from the energy axis while that for helium ions bends towards 
it. Since, over most of this energy range, dE/dx for protons 
decreases while dE/dx for alphas increases, part, but probably 
not all, of the non-linearity may be due to high density of 
excitation along the particle path as suggested by Birks.' If one 
plots the specific fluorescence (slope of pulse amplitude vs 
total range) against dE/dx, it appears that the parameters in 
Birks’ theory! cannot be the same for both protons and helium 
ions. Both response curves extrapolate smoothly to the origin, 
indicating an absence of any non-scintillating surface laver 
more than a few Key thick. 

* Supported in part by the U.S. Atomic Energy Commission and in part 
by a Summer grant by the Nebraska University Research Council. 


‘J. B. Birks, Scintillation Counters (McGraw-Hill Book Company, Inc., 
New York, 1953), Chap. 6. 


D9. Cobalt-60 Field Distributions Using Silver Activated 
Phosphate Glass. Herpert RABIN AND WILLIAM E., Price, 
L’. S. Naval Research Laboratory.—-The measurement of high 
doses of gamma rays by absorption changes in silver activated 
phosphate glass has been previously reported for cobalt-60' and 
fuel element? radiation. The base glass by weight is 50 percent 
\l(POs)3, 25 percent Ba(PO,)2, and 25 percent KPO, to which 
is added approximately 8 percent by weight of AgPO,. The 
sensitivity of this glass is sufficiently great to permit satis- 
factory measurement of dose to 2 by 10* rep and dose rate 
independence has been established to over 10’ rep/hour. 
Small plates of this glass lend themselves to the point by point 
mapping of field distributions of x-rays, gamma rays, and high 
energy electron beams. Glass plates 1 cm square and approxi- 
mately 3 mm thick have been utilized in mapping the gamma 
field of the two and one-half kilocurie NRL cobalt-60 source 
and results are in good agreement with theoretical calculations 
of field distribution based on line source computations. Abso- 
lute dose determinations throughout the field depend on the 
accuracy of the standard on which the glass is initially cali- 
brated; silver activated glass measurements calibrated with 
ceric-sulfate agree to within 12 percent of direct ion chamber 
measurements, 


‘J. H. Schulman, NRL Memorandum Report 266 (February, 1954) 
H. Rabin, NRL Memorandum Report 309 (June, 1954 


D10. Ionization of Air by Gamma Rays.* F. L. BuRKHARD 
anp J. H. Lewis, Convair, A Division of General Dynamics 
Corporation (Fort Worth).—The absorption of energy from 
gamma rays by air is calculated by using a linear absorption 
coefficient that varies with the initial energy of the photon and 
the distance from the source. The dependence upon distance 
arises from degradation of the photon energy in the Compton 
scattering process. A point source of gamma rays is assumed to 
radiate a spectrum of energies in the range 0.1 to 10 Mev. The 
number of gamma rays of any energy is assumed to be a de- 
creasing exponential function of energy.' The equilibrium dis- 
tribution of free electron density is calculated from the rate 
of energy absorption and the rate at which the free electrons 
are removed by attachment and recombination. 


* This work was supported by contract with Wright Air Development 
Center 


W. Motz, Phys. Rev. 86, 753 (1952) 


D11. Photographic Amplification in Alpha-Particle Auto- 
Radiography. K. H. Sun, P. R. MALMBERG, AND P. SzypLik, 
Westinghouse Research Laboratories.—The detection of alpha 


particles in photographic plates or films is usually carried out 
either by microscopic observation of alpha-tracks in an emul- 
sion or by visual examina ion of the photographic blackening. 
In the latter case, the number of alpha particles required to 
give a barely visible photographic image is about 10°/cm® in 
Kodak Tri-X film. In autoradiography, the energetically 
charged particles may come directly from an alpha source, or 
from the passage of neutrons through nuclear processes such 
as (n,a) or (n,f). If a thin layer of powdered ZnS-Ag, about 10 
microns thick, is placed between the alpha-particle source and 
the photographic film, the optical density of the developed 
photographic image is considerably higher than that without 
the ZnS-Ag. For equal optical densities, the use of the ZnS-Ag 
layer reduces the exposure time by a factor of 60 to 140, de- 
pending on the region of the optical density. The number of 
polonium-alpha particles required to give a barely visible 
image in Tri-X film is reduced to about 800/cm*. Optical 
density vs log exposure curves are given for Tri-X film exposed 
to polonium alphas with and without a ZnS-Ag layer. 


D12. Forty-Channel Pulse Height Analyzer. FE. J. Coox* 
ANDG. F. Pierer, Yale University.—-A 40-channel pulse height 
analyzer employing the amplitude to time conversion tech- 
nique and delay line information storage has been constructed. 
The unit consists of two chassis with a total of 56 tubes ex- 
clusive of power supplies. The first chassis produces an output 
pulse whose time delay after a master trigger is proportional to 
the original input amplitude, The second chassis stores all 
information delivered to it in this delayed pulse form in cir- 
culating binary codes of pulses in each of its 40 channels, The 
memory element is a 240-microsecond quartz delay line oper- 
ated at a carrier frequency of 40 megacycles. Each six-micro- 
second channel! has positions for 14 pulses of 0.2 microsecond 
duration, giving a channel capacity of 16 383 counts. The dead 
time of the instrument is fixed at 500 microseconds, Informa- 
tion is currently read out by displaying individual channels 
on an oscilloscope with a delayed sweep. A digital to analog 
converter for automatic data presentation is under construc- 
tion, This will require 51 more tubes and will cause a chart 
recorder to plot number of counts per channel versus channel 
number in histogram form. 


* Now at Research Laboratory, General Electric Company 


D13. A Fast Coincidence System with Amplitude Dis- 
crimination. G. S. SraNroRD AND G. F. Pitrer, Yale Univer- 
sity.-A system has been devised for the recording of coinci- 
dent protons and gamma rays for (x,p,y) correlation studies. 
Pulse-height analysis is carried out on those gamma rays which 
are coincident with a certain group of portons. The protons 
are detected in a thin Nal crystal and a particular group is 
selected with a single channel pulse height analyzer. The time 
delay between the input signal and the firing of the single 
channel analyzer is sufficiently dependent upon pulse height 
and analyzer settings to require the use of a ‘‘self-coincident” 
gating system to make the input to the p—¥ coincidence cir- 
cuit independent of this effect. The gamma-ray channel em- 
ploys a similar self-coincident arrangement to compensate for 
the variability in the firing time of a low-level discriminator. 
6BN6's are used for coincidence circuits and EFP-60's are 
employed as generators of short pulses with sharp edges. A 
resolving time of 0.1 microsecond can be used when the range 
of gamma ray pulse heights to be investigated is 6-80 volts. 
The final coincidence between proton and gamma-ray pulses 
operates a linear gating circuit. The gamma pulses are ther 
analyzed in the Yale 40 channel pulse height analyzer 
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THURSDAY MorRNING AT 10:00 
McAlpin, Red Room 


(H. P. Noyes, presiding) 


Meson and High-Energy Theory 


El. A D-Wave Solution to Pion-Proton Scattering Data.* 
Jay Orear, Columbia University.—An attempt has been made 
to see how much a small d-wave component can influence the 
s-wave solutions to the r* and m™~ scattering data in the energy 
region 100 to 220 Mev. In this region the s-wave solutions 
depart appreciably from their best fit low energy curves: 
(ag= —0.11n) and a,=0.16n).' Preliminary investigations 
show that these low-energy recipes may be used up to 220 Mev 
if a d-wave phase shift (7 = 3/2, J =5/2) is used which goes as 
—0.013n*. Then one is able to fit all data including the recent 
Chicago 165 and 189 Mev x* angular distributions within 
experimental errors using a3; =ai3=a;;=0 and an ag; which 
passes through 90° at about 190 Mev. Since other choices of 
the d waves should permit equally large shifts in the s waves, 
the present data is not adequate to give definite values for any 
of the phase shifts except ay; in the region above 100 Mev. 

* Supported by the joint program of the Office of Naval Research and 


the U. S. Atomic Energy Commission. 
! Jay Orear, Phys. Rev. 96, 176 (1954). 


E2. Evidence for Pion-Pion Interaction.* W.G. HoLLapay tf 
AND R, G. Sacus, University of Wisconsin.—It has been shown 
by Sachs! that a large no-pion, two-pion cross term and the 
neglect of pion kinetic energy made it possible to calculate the 
nucleon magnetic moments on the basis of a no-recoil, core- 
pion model of the nucleon, the one-pion probability being 
zero and the two-pion L =1 state appearing with probability 
9 percent, the maximum allowed by the sum of the moments. 
However, reasonable values of pion kinetic energy lower the 
moments sufficiently that some mechanism is needed to in- 
crease thern again to the correct values. Core recoil, interaction 
currents, and excited cores are found to decrease the calculated 
moments. However, the assumption of a reasonably strong 
pion-pion attraction, which increases the contribution from 
the no-pion, two-pion cross term, is capable of giving large 
enough moments, provided the two-pion state is more probable 
than the one-pion state, just the situation that a pion-pion 
attraction would tend to produce. The correct n—p mass 
difference follows in a natural way from these considerations. 

* Work supported in part by U. S. Atomic Energy Commission. 


+t National Science Foundation Predoctoral Fellow. Now at Vanderbilt 


University. 
'R. G. Sachs, Phys. Rev. 87, 1100 (1952). 


E3. Radiative Corrections to Muon Decay. R. J. Finkev- 
STEIN AND R. E. Benrenps, University of California, Los 
Angeles.--To compare the Fermi constants of neutron and 
muon decay one ought to take into account mesic and electro- 
magnetic corrections, We have calculated electromagnetic 
radiative corrections, including inner bremsstrahlung, to the 
decay spectrum of the muon and find a change in lifetime of a 
few percent, depending on the assumed nature of the @ inter- 
action. Since this correction is energy dependent, it could con- 
cievably distort the shape of the » spectrum and mislead one 
about the @ interaction, which is inferred from just this shape. 
That turns out not to be the case for the shape is not distorted 
in a significant way. However, it is important to correct the 
total lifetime, which may be altered by as much as 5 percent. 


E4. Deuteron Model for x-Meson and Photon Capture by 
Complex Nuclei.* B. T. Fetp, M. J. T.—-We consider the 
model of #-meson capture in complex nuclei in which the 
interaction is with a pair of nucleons.' From the properties of 


meson production in nucleon-nucleon collisions, it may be 
concluded that the dominant interaction. for mesons of 
moderate energies is with a deuteron-like pair. Similar consid- 
erations may be applied to the capture of high energy photons 
by nuclei if we assume that the photons interact through ex- 
citation of the nucleon “‘isobar.’’ Data on the high energy 
photodisintegration of the deuteron lend support to this 
assumption, and also give an experimental measure of its 
limitations. The deuteron model (first proposed by Levinger) 
in this form is in reasonable agreement with observations on 
high energy neutrons and protons when proper account is 
taken of the internal motion of the nucleons. 

* This work was supported in part by the joint program of the Office of 
Naval Research and the U, S. Atomic Energy Commission. 


1S. Tamor, Phys. Rev. 77, 412 (1950); Brueckner, Serber, and Watson, 
Phys. Rev. 84, 258 (1951). 


ES. Meson Pair Theory. Bruce H. McCormick anp 
ABRAHAM KLEIN,* Harvard University.—In connection with a 
program to investigate the S-wave part of the meson-nucleon 
interaction, we have carried through a re-examination of the 
meson pair theory of Wentzel, which has yielded some new 
results. The solution of the field equations provides the linear 
transformations between “‘‘in’’ and ‘‘out"’ variables, which de- 
fines the S matrix, and between “‘in'’ and Heisenberg variables, 
which defines the transformation U/(O, — «). The S matrix is 
well-known to consist of one channel-meson scattering. The 
matrix elements of U(O, — @) yield all possible Fock space 
amplitudes. A generating function for the latter is easily con- 
structed by means of Schwinger’s dynamical principle. One can 
then obtain and exhibit explicitly (a) the renormalization 
constant associated with the true to free vacuum transition, 
(b) the proper mesic field of the source, and (c) the integral 
equation for meson scattering with correct asymptotic solu- 
tion. As a further result, the self-energy of the sources can be 
obtained by comparing the vacuum states at different times. 
We are currently studying the extension of these methods to 
the isotopic spin-orbit coupling term, t-7 x ¢. 


* Society of Fellows 


E6. Exchange Current Effects in the Two-Nucleon System. 
J. BERNSTEIN AND ABRAHAM KLEIN,* Harvard University.— 
The program of calculation of exchange current effects in the 
deuteron' has been continued and extended to the investiga- 
tion of photodisintegration. Further work has been confined to 
the Tamm-Dancoff method, To date, numerical computations 
have been completed for the quadrupole moment, correct to 
fourth order in the coupling constant. The adiabatic approxi- 
mation and hard core wave functions were used. The results, to 
be presented, indicate a rate of convergence for electromag- 
netic effects, considerably more favorable than that for the 
nuclear potential itself, the total exchange contribution 
amounting to about five percent. The interaction current 
operator effective for transitions has been found to be com- 
posed of the meson current, obtained in the pasc by many 
authors, and a nucleon current part with matrix elements of 
the same order of magnitude. The latter has not been found 
previously because of intrinsic differences between Tamm- 
Dancoff and approximation employed hitherto 
Application to the high-energy photoeffect is in progress. 


schemes 


* Society of Fellows 


J. Bernstein and A. Klein, Phys. Re 95, 655A (1954 








SESSION E 17 


E7. Production of K Mesons by Protons of Cosmotron 
Energy. Martin M. Biock,* Naval Research Laboratory.— 
The energy spectrum of K particles (970 m,) produced by 2.9 
Bev protons bombarding a heavy nucleus has been calculated 
for a laboratory observation angle of 90°. We have assumed 
that all K particles are produced in nucleon-nucleon collisions 
of the type p+p—K*+A*t+WN,!' where A* is a hyperon (2350 
m,). The proton-heavy nucleus collision is replaced by a pro- 
ton-nucleon collision, where the target nucleons have an 
internal momentum distribution given by the Fermi de- 
generate gas model. The relativistic phase space is calculated 
in the appropriate center of mass system, as a function of 
target momentum. Two types of matrix elements have been 
employed, both giving isotropic angular distributions in the 
center of mass system; I constant, II proportional to K- 
particle momentum at low energies and falling off as the total 
energy for high energies. The resultant differential cross sec- 
tions are transformed to 90° laboratory cross sections and then 
averaged over the internal momentum distribution. For 
matrix element I, the spectrum exhibits a peak at ~30 Mev 
and extends to ~150 Mev. Calculations are currently being 
made for other momentum distributions and laboratory 
angles. 

* On military leave from Duke University, Durham, North Carolina, 


! Block, Harth, Fowler, Shutt, Thorndike, and Whittemore, Bull. Am. 
Phys. Soc. 29, No. 7, 33 (1954), abstract W10. 


E8. Integral Equations of the Meson-Nucleon System.* 
R. L. Mityis, Brookhaven National Laboratory.—A formal study 
has been made of the covariant system of coupled integral 
equations describing one nucleon and an unlimited number of 
mesons. It is found to be possible to uncouple the unrenormal- 
ized equations; that is, the amplitudes thus defined can be 
expressed in terms of the solutions of an infinite sequence of 
uncoupled linear integral equations. Renormalization of the 
nucleon propagator and the vertex operator can be carried out 
and the resulting equations, which are coupled only through 
involving these renormalized quantities, become a finite, 
uncoupled sequence of equations when an upper limit is put on 
the number of mesons present in the intermediate states 
considered, and the lower order approximations are assumed 
to be already solved. 


*Work performed under the auspices of the U. S. Atomic Energy 
Commission, 


E9. Theory of Pion Photoproduction.* M. Ross, Brook- 
haven National Laboratory.—Photoproduction of mesons from 
nucleons has been calculated using a pseudoscalar theory 
without cut off. Scattering of the meson after the photon 
vertex is considered in a Tamm-Dancoff approximation. Ap- 
proximation from a gauge invariant expression is used to deter- 
mine which diagrams should be considered. Two types of 
processes, the anomalous moment type of interaction and the 
ordinary electromagnetic scattering of mesons and nucleons, 
are both found to contribute large magnetic dipole matrix 
elements to the p3/2, T =3/2 state as called for by experiment. 
The former process cannot be adequately treated in the present 
framework. A Pauli moment interaction, for instance, yields 
uprealistic results. It is found for the second process that high 
momenta intermediate mesons make a surprisingly large con- 
tribution to the electric quadrapole matrix element. A detailed 
study has been made of the physical processes determining 
the ratio of the magnetic dipole and electric quadrapole inter- 
actions. The expressions will be compared with the well known 
nonrelativistic forms of these interactions. 


*Work performed under the auspices of the U. S. Atomic Energy 
Commission. 


E10. Polarization of Nucleons Elastically Scattered from 
Nuclei.* R. M. Sternwemmer, Brookhaven National Labora- 


tory.—The polarization P of nucleons elastically scattered 
from nuclei has been calculated for a complex nuclear potential 
V having the radial dependence 1/{1+exp[(r—ro)/a]), 
where r» is the nuclear radius and a determines the length of the 
exponential tail. The spin-orbit coupling was taken as Ul1-e, 
where U « (1/r)(dV/dr). The WKB method was used in the 
calculations. The variation of P with the optical parameter 
k, /K and the strength of the spin-orbit coupling was investi- 
gated for Al. In general, P remains positive throughout the 
first diffraction minimum, For the Berkeley data' for the 
polarization of 300 Mev protons scattered from Al, a reason- 
able fit has been obtained inside the first diffraction peak. The 
values of the parameters are: kj~1.2 X10" cm™, K~3X10" 
em™, with ro~3.2 X10 cm, a~0.5 K10~" cm. The required 
U has a maximum of ~0.7 Mev near r=ro. The effect of 
changing the shape of the central potential and the spin- 
orbit coupling will be discussed. The functions 8 and R, 
introduced by Wolfenstein to describe the asymmetry in a 
triple scattering experiment, have been evaluated for several 
cases. 

*Work performed under the auspices of the U. S. Atomic Energy 
Commission, 


' Chamberlain, Segré, Tripp, Wiegand, and Ypsilantis, Phys. Rev. 95, 
11@5 (1954). 


Ell. Asymmetry in Deuteron Pickup by High-Energy 
Polarized Protons.* B. J. MALENKA, Washington University.— 
The recent availability of strongly polarized beams of high- 
energy protons suggests their application to the deuteron 
pickup problem.' A preliminary examination of the direct 
pickup process in a heavy nucleus can be made by means of a 
classical argument of the type considered by Newns.* This 
model leads us to expect a right-left asymmetry for the 
emerging deuteron beam in the plane perpendicular to the 
original direction of polarization as a consequence of the differ- 
ence in scattering of the proton and the pickup deuteron inside 
the nucleus. An estimate of the maximum asymmetry expected 
has been made assuming a small probability of the deuteron 
being elastically scattered inside the nucleus and assuming that 
the neutron is picked up from a definite j =/+4 state. Further 
approximations will be discussed, 

* Partially supported by the Office of Naval Research 

‘Such experiments also have been suggested by P. ‘Hillman, Harwell 


(private communication). 
2H. C. Newns, Proc. Phys. Soc. (London) 66A, 477 (1953). 


E12. Limitations of the Stripping Theory in Inelastic Deu- 
teron Scattering.* James W. Harrner, M. J. 7.-—The angular 
distributions of inelastic deuterons from light nuclei have been 
investigated using 15-Mev dueterons from the M. I. T. 
cyclotron and a particle selective technique developed in this 
laboratory.' The shapes of the resulting distributions indicate 
that the nuclear interaction theory,? which is analogous to a 
stripping-recombination process, holds fairly well for most 
angles. However, the nuclear theory fails at small angles and 
a Coulomb interaction theory* fits the data better. The sig- 
nificance of this fact relative to the stripping process in general 
is considered. 

* Supported in part by the Office of Naval Research and the U.S, Atomic 
Energy Commission. 

'F. A. Aschenbrenner, Phys. Rev. 95, 600(A) (1954) 


* Huby and Newns, Phil. Mag. 42, 1442 (1951). 
* Mullins and Guth, Phys. Rev. 82, 141 (1951) 


E13. Proton Bremsstrahlung. Benrkam KursuNoGLU, Uni- 
versity of Miami._-Bombardment of several nuclei by protons 
with energies below threshold #°-production energy gives rise 
to a continuous y-ray spectrum arising from proton brems- 
strahlung in the nucleus. A detailed experiment carried out at 
Berkeley’ for Cu, Al, C, and Be yield bremsstrahlung curves 
that diverge at the low-energy region of the y-radiation, The 
fact that the magnitude of the photon-cross section should be 


& 
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proportional to fine structure constant times the elastic 
scattering cross section of the protons suggests the use of an 
interaction Hamiltonian describing the nucleon-nucleus inter- 


action in terms of an optical potential. The inelastic part of the 
interaction being due entirely to the coupling of the protons 
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to the radiation field. A semi-phenomenological investigation 
of the proton-bremsstrahlung based on the above model has 


been carried out. Numerical results will be given at the 
meeting 
D. Cohen (private communication 





THURSDAY MORNING AT 10:00 
McAlpin, Green Room 


(F. N. FRENKIEL, presiding) 


Liquid State: Fluid Dynamics 


EAI. Structure of Liquid Tellurium. K. Buscnerrt, |. G. 
Geis, AND K. Lark-Horovitz, Purdue University.*-Mono- 
chromatic copper Ka and Molybdenum Ka radiation is inci- 
dent on the free surface of molten Te (465°C) in a helium at- 
mosphere. Jets of pure helium and baffles are used to retard 
deposition of Te on the windows and in the slits of the spec- 
trometer. Argon and krypton Geiger counters with aluminum 
filters to absorb fluorescent L radiation are used to measure the 
scattered intensity as a function of sin@/d. The incident inten- 
sity is monitored with a Geiger counter set at a fixed position, 
The intensity curves for CuKa and MoKa after corrections 
for absorption, polarization, and background are analyzed.' 
The radial distribution curve shows peaks at 2.9A, 3.7A, 4.3A, 
and 6.4A. The area under the first peak corresponds to ap- 
proximately two nearest neighbors. Since the bond distance 
along the chain in the solid is 2.86A, these results indicate the 
presence of similar chains in the liquid as predicted by Lark- 
Horovitz from electrical measurements.? 

* Work supported by a Signal Corps contract. 

1G, C. Danielson and C. Lanczos, J. Franklin Inst, 233, 365, 435 (1942). 
om and H., Fritzeche, Phys. Rev. 93, 922(A) (1954) ; 94, 1426(A) 


EA2. Dislocation Model of Liquids. Jerome Rorustetn, 
Signal Corps Engineering Laboratories.—It is suggested that 
defects in general, and vacancies in particular, can cooperate 
to form dislocations as the melting point is approached from 
below. Melting would then occur when dislocation density 
is sufficiently high to cause resistance to shear to vanish. 
Low defect densities should increase with temperature through 
a Boltzmann factor. Sufficiently large defect density should 
result in cooperative lowering of the activation energy for 
defect formation, thereby leading to a sharp melting point. 
The reason for the lowering can be seen from the fact that 
fewer broken bonds are required to form a single multiple 
vacancy than the same free volume in the form of individual 
separated vacancies, A brief discussion is given of the relation 
of this model to hole and crystallite theories of liquid, to 
cooperative theories of melting, and to some experimental 
results in the literature on pre-transition phenomena, crystal- 
lization, and liquid structure. 


EA3. Secondary Recrystallization Analogy in a Hetero- 
geneous Liquid System. Joun P. Nre_sen, New York Univer- 
sity.—General grain growth is somewhat analogous to foam 
cell growth because of the similar nature of the driving force 
in the two cases, namely, interfacial or surface free energy. 
Secondary recrystallization is a special type of grain growth 
which appears to be nucleated by a “geometrical coalescence” 
phenomenon,' In this phenomenon two suitably oriented 
grains on first encountering each other create a new low energy 
common boundary resulting in a highly unstable boundary 
geometry at the point of encounter, The instability results in 
the development of a complex grain statistically nine times 
larger than the neighboring grains which, because of this size 


advantage, proceeds to ‘“‘consume"’ its neighbors. A striking 
physical analogy for the nucleation of this secondary recrys- 
tallization can be produced in a liquid-liquid system. A 
stirred oil-water mixture, with surface tension adjusted by 
alcohol, will produce a mass of uniformly sized oil globules 
An occasional pair of globules in mutual contact will coalesce 
producing a globule twice as large as neighbor globules, which 
by virtue of this size advantage ‘‘consumes’’ its neighbors. 
The analogy can be improved by having globules that also 
increase in size by diffusion from the continuum. 

John P. Nielsen, Trans. Am. Inst. Mining Met. Engrs. 6, 1084 

EA4. Wave Propagation in Elastic Tubes Filled with 
Streaming, Viscous Liquid.* G. W. MorGan, Brown Univer- 
sity (introduced by R. B. Lindsay).—A previous analysis by 
Morgan! and Kiely of wave propagation in a system at rest is 
extended to determine the influence of tube inertia and of a 
steady stream upon which waves are superposed on the phase 
velocity and damping. The investigation is restricted to thin- 
walled tubes, to waves whose amplitude is small, and whose 
length is great compared with the tube radius R. The magni- 
tude of the kinematic viscosity »v is limited by the condition 
wR?/y>1, where w is the frequency of the disturbance. An 
approximate solution is obtained by boundary layer analysis. 
It is found that the phase velocity is equal to the sum of the 
phase velocity in a system at rest and the average velocity 
of the steady stream, provided the latter is so small that a 
linear correction is sufficiently accurate. For larger velocities 
a more complicated situation exists. The results for the limit- 
ing case of vanishing velocity are compared with those for 
y=(). 
of Naval Research 
Am. 26, 3, 323 (1954). 


* This research was supported by the Office 
'G. W. Morgan and J. P. Kiely, J. Acoust. Sox 


EAS. Investigation of a Quantitative Phase Contrast 
Method for Examining Nonhomogeneous Media. G. C. 
KRUEGER, University of Maine.—Of the optical methods gen- 
erally used in studying the phenomena associated with fluid 
flow fields, viz., the shadowgraph and schlieren methods and 
the Mach-Zehnder interferometer,' only the interferometer 
appears to be suitable for quantitative investigation. Minor 
modifications of these optical systems effectively transforms 
them into a phase microscope? The final image in a phase 
microscope may be considered as being formed by light 
diffracted by the object superposed on a coherent background 
of undiffracted light. The optical properties of the object can 
be inferred by varying the phase and amplitude of the co- 
herent background, these being determined by the optical 
properties of the phase plate. The progress of our investigation 
will be reported. This investigation has been supported in part 
by the University of Main Coe Research Fund and more re- 
cently by the National Science Foundation 


‘N. F. Barnes and S. L. Bellinger, J. Opt. Soc. Am. 35, 497-509 (1945 
‘PF. Zernike, Physica 5, 785-795 (1938); 9, 686-698, 974-9086 (1942); 
Proc. Phys. Soc London) 61, 158-164 (1948 
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EA6. On Statistical Theory of Shear Turbulence in a 
Parallel Flow. C. M. Tcuen, National Bureau of Standards. 
We assume that the mean motion is steady and has only a 
horizontal component which is a function of the vertical coor- 
dinate. The turbulent motion is statistically steady but in- 
homogeneous. However, the scale of inhomogeneity is assumed 
to be much larger than the wavelengths of the turbulent 
motion considered. From the Reynolds equation, the equation 
for the propagation of correlation can be derived. We are 
interested in the variation of the correlation function with the 
length interval. For very large intervals the correlation is 
controlled by very big eddies, not governed by statistics, but 
by the geometry of the system. For very small intervals the 
correlation is controlled by eddies in the viscous region. Be- 
tween those two extreme regions the correlation will be con- 
trolled mainly by eddies active in transferring the energy from 
the mean flow into big eddies, and through nonlinear mecha- 
nism, from big eddies into smaller ones. For such an inter- 
mediate range of length intervals and for a strong mean veloc- 
ity gradient, the correlation function is found independent of 
the length interval, in contrast vith the Kolmogoroff theory 
of locally isotropic turbulence. But it agrees with the law of 
spectral function, as found earlier to be inversely proportional 
to the wave number. 


EA7. The Blast from a Sphere of High-Pressure Gas. 
Haro_p L. Brope, The RAND Corporation.—The gas dy- 
namics resulting from the release of an isothermal sphere of gas 
initially at rest and at a high pressure are described by the 
numerical solution of the differential equations which repre- 
sent an ideal gas in radial motion. The resulting outward 
shock and the inward rarefactions and shocks are described 
in some detail and are compared with the gas dynamics of the 
point-source solution.' The existence of the inward moving 
shocks has been discussed in several places? and in one in- 
stance the early phase has been numerically calculated.* This 
phenomenon is observed in the present calculations to occur 
repeatedly, subjecting the origin to several compressive waves 
which are reflected there and which move out to overtake 
the main shock. 

iH. L. Brode, Phys. Rev. 95, 658(A) (1954). 

2F, Wecken, Z. angew, Math. Mech. 30, 270 (1950) 

+J. A. McFadden, J. Appl. Phys. 23, 1269 (1952). 

4H. Schardin, Communications on Pure and Applied Mathematics 
(Inst. of Mathematical Sciences, New York University, (1954), Vol. VIII, 


p. 223. 
‘ T. S. Walton, Phys. Rev. 87, 910(A) (1952). 


EA8. A Method for Numerical Solution of Transient Hydro- 
dynamic Shock Problems in Two Space Dimensions. Har- 
woop G. Kosky, Los Alamos Sceintific Laboratory.—A 
method for numerically solving hydrodynamic problems in- 





EA AND F 19 


volving two space dimensions and time has been developed 
based on the von Neumann-Richtmyer method of treating 
shocks.' Finite difference equations for the system are con- 
structed from the basic differential equations of compressible 
hydrodynamics. Difference formulas are also given for check- 
ing the stability of the numerical space-time mesh, and for 
checking the total energy of the system, The results of several 
check problems done on the Los Alamos IBM 701 Computer 
are compared to known solutions. The check problems include 
a plane shock, supersonic flow past a wedge, and a diverging 
blast wave interacting with the ground. The requirements 
imposed on electronic computers by problems of this type and 
possible extensions of the method to other types of physical 
problems will be discussed briefly. 


'J. von Neumann and R. D. Richtmyer, J. Appl. Phys. 21, 232 (1950) 


EA9. 4 Method for the Observation of the Ionization Profile 
Behind Explosive Produced Shocks in Air. Jacon Savirt, 
U.S. Naval Ordnance Laboratory.—In many types of explosive 
experiments, the ionization produced by the detonation of 
chemical explosives is used to start and stop electrical circuits 
by shorting ionization probes. In these systems, current flows 
through the ionized region produced at and behind shock 
fronts in air, A method for the observation of the ionization 
profiles behind such shocks is described. Preliminary measure- 
ments of a qualitative nature of the shocks produced by the 
detonation of small quantities of lead azide are presented and 
discussed, It is found that the region of maximum ionization 
for these shocks is at some distance behind the shock front. 


EA.v. Mass Flow in the Shock Tube.* AL pert C, WILLIAMS 
AND RayMonpb J. Emricn, Lehigh University.-The measure- 
ments made by Mack' of density as a function of time and 
distance throughout the flow in a 3.5-cm-diameter shock tube 
permit the calculation of mass flow as a function of time 
and distance. The one-dimensional continuity equation is 
dp/dt+m/dx=0 where m=pu is the mass flow; the corre- 
sponding difference equation is Am= —(Ap/At)(Ax). Lines 
of constant density, determined experimentally, are plotted 
on an x—¢ diagram. The difference equation is applied point 
by point throughout the flow region, using the boundary 
conditions at the rarefaction head and at the shock front, to 
yield the mass flow. The two boundary conditions overdeter- 
mine the problem so that an estimate of overall accuracy is 
possible. For starting pressure ratios ?4,=9.8 and 49.2, the 
mass flow has been found to deviate significantly from that of 
the ideal shock tube theory, except near the rarefaction head, 

* Supported by the Office of Naval Research, 

‘John E. Mack, Lehigh University Institute of Research, Technical 


Report 4 (April 1954); Emrich, Mack, and Shunk, Phys. Rev. 90, 375(A) 
(1953). 
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Manhattan Center, Gold Room 


(A. KANTROWITZ, presiding) 


Symposium of the Division of Fluid Dynamics 


Fluid-Dynamics Problems in Astrophysics 


Fl. A Theory of Turbulence. S. Cuanprasekuar, Yerkes Observatory. (40 min.) 
F2. Gas-Dynamics Effects of Star Formation. MaLco_m Saveporr, University of Rochester. (30 


min.) 


F3. The Formation of Galaxies. Dennis Sctama, Institute for Advanced Study, (30 min.) 
F4. Turbulence in Stellar Atmospheres. Martin ScuwarzscuiLp, Princeton University. (40 min.) 
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THURSDAY AFTERNOON AT 2:00 


New Yorker, North Ballroom 


(G. E. Moore, presiding) 


Symposium of the Division of Electron Physics 


G1. Precision Measurements of Ionization Probabilities of Monoenergetic Electrons. Rk. F. Fox, 


Westinghouse Research Laboratories. (30 min.) 


G2. Mass-Spectrometric Analysis of Ions Produced in the Field Ion Microscope. M. G. INGuraM, 


University of Chicago. (30 min.) 


G3. Upper-Atmospheric Studies during the International Geophysical Year. J. KarLan, University 


of California, Los Angeles. (30 min.) 


Business Meeting of the Division of Electron Physics 





THURSDAY AFTERNOON AT 2:00 


McAlpin, Colonial Room 


(YARDLEY Beers, presiding) 


Invited Paper 


H1. Molecular Amplification and Generation of Microwaves with Applications to Spectroscopy 
and to Time Standards. J. P. Gornon, Columbia University. (30 min.) 


Microwaves 


s 

H2. Pure Rotational Spectra of the Thallium Halides.* 
M. MAnper anv A. H. Barrett, Columbia University.— 
The pure rotational spectra of the thallium halides have been 
observed using a high-temperature microwave sp: ‘rometer.' 
Internuclear distances, vibration-rotation interact’ ms, and 
mass ratios of the chlorine and bromine isotopes have been 
determined. 


Molecule re(A) a (Me/sec) 
Tr 2.0844 +0.0001 44.98 +0.05 
TImc 2.4848 +-0.0001 11.90 +0.01 
Tim Br® 2.6181 +0.0001 3.927 +0.005 
Tm! 2.8136 +0.0001 1.985 +.0,005 


The thallium chloride results revealed a discrepancy in the 
previous work on TICF where the isotope identified as TI*CI** 
is in reality TIC’, The electric quadrupole coupling con- 
stants of Tl” Br” and TI®I in the v=0 state were found to 
be +13045 Mc and —550+20 Me, respectively, and the 
electric dipole moment of TI**F to be approximately 7 debye 
units. The results give evidence about the ionic character of 
these molecules and the electronegativity of TI. 

*Work supported jointly by the Signal Corps, the Office of Naval 
Research, and the Air Research and Development Command. 


1 Stitch, Honig, and Townes, Rev. Sci. Instr, 25, 759 (1954). 
* Carlson, Lee, and Fabricand, Phys. Rev, 85, 784 (1952). 


H3. The Microwave Spectrum of Nitrosyl Bromide.* 
QuiTMaN WiLiiaMs AND T. L. WEATHERLY, Georgia Institute 
of Technology.—The microwave spectrum of NOBr has been 
investigated in the region 20 000 to 40 000 Mc. The molecule 
is an almost symmetric top, and its spectrum in this region 
consists of three separate groups of lines for the transitions 
J =2-+3, 3-+4, and 4-+5. Each transition, J-+/ +1, produces 
a large number of lines as a result of the slight asymmetry, 


the large bromine quadrupole coupling, and the presence of 
two bromine isotopes. A preliminary analysis of the J =2-+3 
transition yields the following values for quadrupole couplings, 
rotational constants, and asy mmetry parameters: 


NOBr® NOBr® 
(cO®V /aat) 429.5 +2.6 Me 358.9 +2.2 Mc 
A 83 728 +178 Me 83456. +178 Mc 
B 3746.78 +0.25 M« $722.26 40.25 Mc 
ri 3586.29 +-0.25 Me 3563.34 +0.25 Mc 
b 0.0010023 —0.0009956 


The rotational constant A was determined from the relation 
Ico =1a4+In. The quadrupole coupling was calculated assuming 
the electronic distribution near the bromine nucleus to be 
symmetric about the z axis which extends along the N—Br 
bond. The interatomic distances and bond angle are in the 
process of calculation. 


* Sponsored by the Office of Ordnance Research, U. S. Army 


H4. Zeeman Effect in the Rotational Spectrum of NO.* 
MASATAKA Mizusuima, J. T. Cox, anp Water Gorpy, 
Duke University.—The Zeeman splitting of the 2 mm wave, 
J =1/2-+3/2 rotational transition of N'O'* in the *My elec- 
tronic state has been measured with fields of the order of 100 
gauss. The observations were made with a waveguide cell 
coiled between the poles of a Varian magnet. Magnetic field 
measurements were made with the electronic resonance of 
DPPH at frequencies of the order of 300 Mc. A general theory 
of the Zeeman effect with h.f.s. has been developed and 
applied specifically to N“O'*. The g factors for the four states 
under investigation were found theoretically to be expressed as: 
J=1/2, g-=a, ga= —a; J =3/2, g-= 9+ (2/5)a, ga=9—(2/5)a, 
where ¢ and d are the lower and upper components of the 
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A-type doublet, respectively. This relation was found to hold 
experimentally with the values, 9 = +0.0232 and a= +0.0029. 
Theoretically, 9 comes from the mixing of *II, and *Iy states 
and @ comes from that of *II, and *2 states. It was found by 
the theory, in which the molecular rotation and the spin orbit 


coupling were taken into account, that the electronic wave 
function of the two rotational states should be: J =1/2, 
Cii,, —0.0021@E|; J=3/2, (iy! —0.0247 Any —0.0021 (22). 


l hese wave functions give g (theo.) = +-0.0228 and a (theo.) 
= +0.0020, which agree very well with the observed values. 
* This research was supported by The United States Air Force through 


the Office of Scienctific Research of the Air Research and Development 
Command. 


HS. Reduction of Doppler Width of Microwave Lines.* 

H. Romert anno R. H. Dicker, Princeton University.—A 
new method for reducing the Doppler width of microwave 
lines has been developed, which depends on the properties of 
a specially shaped resonant cavity. Ammonia at low pressure 
is contained in a TE,,, cylindrical cavity, with diameter large 
compared to height. An intense pulse of 1.25 cm power 
gas to states from which it emits coherent spon- 


following the pulse is 


excites the 
eB ig The radiation 
damped, as molecules colliding with the walls are removed 
from the coherently radiating system. In a short time, the 
only molecules still contributing have velocities nearly par- 
allel to the large faces of the cavity. These molecules travel 
for a long time, giving the tine a width determined by the 
cavity diameter. Calculations based on a 5.75 cm diameter 
cavity predict a line of nearly Lorentz shape, 16 ke in width, 
about } of the Doppler width. Experimentally observed lines 


taneous 


are in good agreement with this. 


* Research supported by the Signal Corps 
t National Science Foundation Predoctoral Fellow 
'R. H. Dicke, Phys. Rev. 93, 99 (1954). 


H6. The Microwave Spectrum of NO,.* Greorce R. Birp, 
The Rice Institute.—The microwave spectrum of NO, was 
first observed by McAfee,' who found a group of eight absorp- 
tion lines ranging from 26 695.08 mc to 26 563.23 me and ten- 
tatively assigned these to the rotational transition JK_ikK 41 
= 65225, on the basis of electron diffraction data and Zeeman 
effect measurements. Muller? examined an isotopic mixture 
for another N™O, line or an NO, line predicted from McAfee's 
assignment, but found neither. Recent infrared observations 
yield precise rotational constants inconsistent with 
Four new groups of absorption lines 


by Moore’ 
McAfee’s assignment. 
have now been predicted from the infrared data and found. 
A group of ten lines ranging from 15 653.98 mec to 14 929.90 
me has been assigned 8os—*7,;; and Zeeman shifts of individual 
lines have been measured. A combination rule for the fine 
structure frequency differences has been discovered and used 
to identify the ten lines in detail. An analysis of the fine 
structure is now being performed by Lin and the author, and 
it may be expected that magnetic interaction constants 
differing widely from those previously reported will be ob- 
tained. 

*Work done at Mallinckrodt Laboratories, Harvard University, and 
oupgertas | i» part by the Office of Naval Research. 

K. B. McAfee, Jr., Phys. Rev. 78, 340(A) (1950), Phys. Rev. 82, 971 
‘ 
(1981) Muller, ‘The a trum of Chlorofluoromethane, 


Harvard University, 195 
G. E. Moore, J. Opt Gee. 


* Doctoral thesis, 


Am. 43, 1045 (1953) 


H7. Microwave Spectrum of Methylamine. Korcu' Sui- 
MoDA,* Tetsujt NISHIKAWA, AND Takasu Iton, University 
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of Tokyo (introduced by C. H. Townes).—The molecule is a 
slightly asymmetric rotor with hindered rotation and inver- 
sion; the spectrum consists of more than two hundred lines 
between 7 and 30 kMc/sec. Several reports of lines have 
already appeared’ but none of them has given consistent 
assignments. We have assigned seven series of A/=0 lines 
which are characteristic of the asymmetric molecule with 
internal rotation. The rotational transitions (AJ +1) are 
also affected by K-type doubling, inversion, and internal 
rotation. From their Stark patterns and frequencies we have 
obtained decisive assignments of more than 30 lines and 
determined the five rotational constants required to describe 
the molecule. The height of the hindering potential has been 
determined to be 685+10 cm™ assuming a sinusoidal form. 
The magnitude of inversion doubling changes from 5 kMc/sec 
to more than 30 kMc/sec depending upon the rotational and 
vibrational states and in agreement with theoretical expecta- 
tion. Transitions between K-type doublets have also been 
identified. 


* Carbide and Carbon Fellow, Columbia Universit y, 1954-1955, 
1D. R. Lide, Journ. Chem, Phys. 20, 1812 (1952). 
*K. Shimoda and T. Nishikawa, J. Phys. Soc. Japan 8, 
(1953). 
* K. Shimoda, T. Nishikawa and T. Itoh, J. Chem. Phys. 22, 1456 (1954); 
) * Phys. Soc. Ja van 9, Nr6 (1954). 
*D. R. Lide, J. C hem. Soc. 22, Nro (1954). 
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H8. Molecular Distortion Caused by Hindered Rotation.* 
Henry T. Minpen, Chicago Midway Laboratories.-If there 
is a force hindering internal rotation of ethane about its figure 
axis, there ought to be a force tending to distort the hydrogen 
tetrahedra. The tumbling moment of inertia should increase 
as the molecule assumes higher torsional states. Assuming 
a cosine hindering potential there ought to be a term propor- 
tional to (4Vo(1—cos3,))Ay» in the expression for the per- 
pendicular rotational constant. The variation of this quantity 
with barrier height for the first twelve torsional states (for 
K =0) has been computed and a theoretical microwave spec- 
trum deduced for the ethane-like molecule CH,SiF s. 


* This research was supported in whole by the United States Air Force. 


H9. Magnetic Hyperfine Effects and Electronic Structure 
of NO.* G. C, Dousmants, Columbia University.—The theory' 
of magnetic hfs in diatomic molecules has been re-examined and 
the Hamiltonian is obtained as H=a(I,LeitlyLyetlila) 
$+ (b+ c)l See + bUI*S> + IOS*)/_ + d(A*I-S~ 4+ eo *PI*S*)/, 
tele'?(S-1, +I-S,.) +e" (St*1, +1*S,) ], This H is the same as 
the one of reference 1, except for the constants d and e which differ 
by a factor of two with the ones given there. The expressions 
presently obtained are d= 3gjpoun(sin*x/r*)y. €= 3¢ipoun (sinx 
<cosx/r*) a. The corrected expressions are applied to the observed* 
hyperfine effects in the N“O" molecule and the magnetic con- 
stants thereby determined. The values in Mc/sec are a= 83.4, 
b=69.2, c= —87.6, d=112.6, 16mgsuouvy?(0)/,=39.9. These 
several experimental parameters, as well as the observed quad. 
rupole interaction, give considerable information on the molecu- 
lar wave functions, and are interpreted in terms of an electronic 
structure consisting of about 65 percent N«0 and 35 percent 

N=0*. The unpaired electron is shown to be essentially in a 
2px orbital, but with 2 percent s-character, Values of the magnetic 
constants calculated from atomic wave function approximations 
agree with the experimental ones to about 8 percent, 

* Work supported jointly by the Signal Corps, the Office of Naval 
Research, and the Air Research and Development Command, 

' Frosch and Foley, Phys. Rev, 88, 1437 (1952), 

* Beringer ef al., Phys. Rev. 78, 581 (1950); 94, 343 (1954); Gordy and 


Burrus, Phys. Rev. 93, 419 (1954); Gallagher, Bedard, and Johnson, Phys. 
Rev. 94, 729 (1954). 
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Neutrons, Il 


HAI. Slow Neutron Resonant Scattering.* H. L. Foorr, 
Jn., Brookhaven National Laboratory, anv J. Moore, Brookhaven 
National Laboratory and Columbia University.—A new experi 
mental technique is being developed for the observation of 
low-energy resonance scattering as a function of energy. A thin 
scattering sample is placed at a glancing angle to an incident 
monochromatic neutron beam. This geometry allows a maximum 
number of neutrons to be scattered and to be detected, thus giving 
practical counting rates. A single Bl’, counter placed to one side 
of the sample and at right angles to the incident beam is used to 
detect the scattered neutron. The observed counting rate is 
proportional to the ratio (¢,/o,). This arrangement also permits 
a simplified analysis, The experimental apparatus will be described 
and results obtained presented. 


* Research performed under the auspices of the U. S. Atomic Energy 


Commission. 


HAZ. Slow Neutron Velocity Spectrometer Using the Nevis 
Synchrocyclotron.* G. Grimm, L. J. RAINWATER, AND W. W. 
Havens, Jr., Columbia University.—The high energy beam 
of a synchrocyclotron deflected into a target in about one cycle 
of rotation of the proton beam (~0.05 ysec) should supply an 
extremely intense neutron source because of the high excitation 
of the compound nucleus. The feasibility of this procedure has 
been successfully demonstrated using the Nevis cyclotron. At the 
proper time in the frequency modulation cycle the total internal 
proton beam is deflected vertically to strike a tungsten target at 
the base of an internal moderator box containing nylon. The 
neutrons are collimated by a 6X6 in. opening in the 8 foot thick 
lead and iron cyclotron shield and by additiona! boron loaded 
concrete and B,C shields. The counters are shielded from gamma 
rays and fast neutrons by 24 inches of lead placed below the slow 
neutron path. The initial studies have used a bank of fourteen 
BF* counters 20 cm long, 24 in. diameter filled to a pressure of 
20 cm and a source detector distance of 34.85 meters. The open 
beam counting rate is about 2000 counts/hour for a 2 ysec detec- 
tion channel in the 100-1000 ev region. Many resonances have 
been observed ranging from the 20-kev group in Ti to the 5.2-ev 
level in Ag. 


*Supported by the U. S. Atomic Energy Commission and the joint 
U.S. Atomic Energy Commission and Office of Naval Research program 


HA3. Recent Mechanical Improvements in the Brookhaven 
Fast Chopper.* F.G. I’. Seipt,, Brookhaven National Laboratory. 

A new structurally improved 30-inch rotor for the Brookhaven 
fast chopper! or neutron shutter is in operation at 10000 rpm. 
The first rotor was run at 6000 rpm, To eliminate air drag rotors 
are spun in vacua of 10° mm or better. During spin tests the 
second rotor was held at various speeds up to 12 030 rpm for 3 
hr and 12 150 rpm for 1.5 br. For continuous operation at 12 000 
rpm still greater strength is needed in the parts containing the 
narrowest portions of the neutron slits; these travel 1571 ft sec 
at 12000 rpm. Following a design modification of these parts, a 
third rotor is under construction. Moreover, it will be possible to 
hold steel pieces in the third rotor near its rotation axis; they 
should reduce y-ray background by 50 times. Because of the 
faster rotor speed now available and the use of an improved 
neutron detector which is due to H. Palevsky, the over-all time 
uncertainty in the time-of-flight setup has been observed to be | 


psec corresponding to a total resolution width at half-maximum of 
0.05 ysec/m for a 20 m flight path. 


S. Atomic Energy Commission 
1954). 


* Work carried out under contract with U 
! Seidl, Hughes et al., Phys. Rev. 95, 476 


HA4. Radiation Widths of Nuclear Energy Levels.* J. S. 
Levin ann D. J. Hucues, Brookhaven National Laboratory.—The 
experimental data on radiation widths of slow neutron resonances, 
primarily from the Brookhaven slow chopper, have been inves- 
tigated for dependence on excitation energy, nuclear spin, atomic 
weight, and nuclear level spacing. In a single nuclide the radiation 
widths seem to be relatively constant from level to level as is 
expected if many final states are available for the gamma-ray 
transition. However, there is also some evidence that radiation 
widths in a given nuclide are somewhat different for levels of 
different spins. Among the many nuclides for which measurements 
have been made there seems to be little or no dependence of the 
radiation widths on the spin of the target nuclide. Radiation 
widths a tendency to decrease with increasing atomic 
weight, however they increase just before a closed nuclear shell 
and decrease after the shell closing; a discontinuity of a factor 
of 30 is observed near an atomic weight of 208. This behavior of 
radiation widths has been investigated in light of the theoretical 
formulas given by Blatt and Weisskopf, and it appears to be 
explainable in terms of the observed binding energies and nuclear 
level spacings. 


show 


* Work carried out under contract with U.S. Atomic Energy Commission 


HAS. Resonance Parameters in U**.* RK. S. Carter, 
Brookhaven National Laboratory.—-The resonance structure in the 
total neutron cross section of U™* has been studied using the 
Brookhaven fast chopper. The energy interval studied extended 
up to 7000 ev. The complete sets of Breit-Wigner level parameters 
have been determined for the four lowest energy resonances using 
the “thick-thin” method of area analysis. The parameters Eo and 
the neutron width I’, have been determined for the remainder of 
the resonances observed. The individual parameters were used 
to determine the average level spacing D, the average reduced 
neutron width (1,°), and the ratio (1,°)/D. The resonance 
absorption integral has been calculated 


* Work carried out under contract with U.S. Atomic Energy Commission. 


HA6. Neutron Widths of Nuclear Energy Levels.* D. J. 
Hucues, Brookhaven National Laboratory.—The parameters of 
many neutron resonances for heavy elements have been measured 
recently with the Brookhaven fast chopper.' In this work, it was 
possible to obtain neutron widths even in the poor resolution 
region by taking advantage of the relative constancy of radiation 
widths from level to level in a single nuclide. Sufficiently many 
neutron widths were obtained for individual nuclides to investigate 
the distribution in size of the reduced neutron widths, which 
exhibit a wide range in size, typically extending over a factor of 
about 100 in a single nuclide. Within the present experimental 
accuracy the size distributions observed in about ten nuclides 
are exponential. There seems to be no correlation between the 
neutrons widths of specific levels and the spacings to adjacent 
levels, as might be expected from the simplified theory of the 
relationship of neutron width to spacing. The average reduced 
neutron width, however, bears a simple relationship to the average 
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spacing, being about 10~ of the latter, the exact value depending 
on the atomic weight. 


S. Atomic Energy Commission 
96, 113 (1954) 


* Work carried out under contract with U 
' Carter, Harvey, Hughes, and Pilcher, Phys. Rev 


HA7. Level Spacings of Heavy Nuclei.* Joun A. Harvey, 
Brookhaven National Laboratory.—The variation with atomic 
weight of the level density at neutron binding energy for heavy 
nuclei has been studied with the Brookhaven fast chopper. The 
level spacing for s-wave neutrons for odd Z nuclei around the 
magic numbers of 50, 82, and 126 neutrons is about a hundred 
times greater than that between shells. The level spacing increases 
as the neutron closed shells are approached and then drops rapidly 
above the shells in contrast to the 1-Mev neutron capture results.’ 
Even after adjusting the level spacings to the same excitation 
energy, the same characteristics are present. The spacing of the 
levels for /=0 neutrons in a particular nuclide appears more 
uniform than would be expected if the levels were distributed 
randomly. The variations of the level spacing between odd Z and 
even Z nuclei and between odd and even isotopes for even Z nuclei 
will be discussed. 


S. Atomic Energy Commission. 
Ol, 1424 (1953) 


* Work carried out under contract with U 
' Hughes, Garth, and Levin, Phys. Rev 


HAS. [,°/D for Slow Neutron Resonances. R. Corre anp 
L. M. Bouncer, Argonne National Laboratory.—Neutron 
resonances in elements whose masses are near 55 have been 
studied by means of the Argonne neutron velocity selector. A 
collection of these data has been made in order to obtain some 
additional evidence to aid in establishing the most nearly correct 
nuclear model. The “cloudy crystal ball’? model of the nucleus 
proposed by Feshbach, Porter, and Weisskopf' predicts that the 
ratio of the average reduced neutron width to the average level 
spacing, r,.°/D, may exhibit maxima for several mass values. 
Carter, Harvey, Hughes, and Pilcher* have presented data on 
nuclei whose masses are near 155. Their data reveal a maximum in 
1',°/D near 155 and if a 42-Mev well depth, which satisfies these 
data, is inserted into the theory additonal maxima are predicted 
at 11 and 55. The present collection consisting of new data on 
Va, Cr, Co, Cu, and As and earlier data on Mn, Zn, and Ga® show 
a maximum at about 55. 

! Feshbach, Porter, and Weisskopf, Phys. Rev. 90, 166 (1953). 


* Carter, Harvey, Hughes, and Pilcher, Phys. Rev. 96, 113 (1954) 
* Bollinger, Dahlberg, and Palmer, private communication. 


HA9. Total Neutron Cross Sections in the Kilovolt Region : 
Sc, V, Mn, and Co.* H. Marswak anp H. W. Newson, 
Duke University.—The total neutron cross sections of Sc, V, 
Mn, and Co between 2 and 100 kev were measured simultaneously 
by the method previously used.' The samples were about the same 
thickness; so that comparison with the same resolution and self 
absorption could be made. Thinner samples were used for measur 
ing the peak cross sections when feasible. The V sample showed 
particularly strong resonances at 4.1, 6.6, 11.5, 16.6, 22.2, 69.1, 
and 87.1 kev. The 69.1 and 87.1 kev appear to be resolved. Their 
measured peak cross sections implied J =4, and J =3 respectively 
for S-wave scattering. Area analysis of the other resonances (based 
on two samples of different thicknesses) yielded J value assignments 
in certain cases. There were other weaker resonances from 22 to 70 
kev. The Mn sample showed strong resonances at 2.4, 7.3, 9.0, 
21.2, 27.3, and 35.1 kev. The 35.1-kev resonances appeared to be 
resolved and its J value is 3. Area analysis on the 2.4-kev reso 
nance yielded a J value of 3, consistent with the Argonne Fast 
Chopper data? on Mn. There were other weak resonances in Mn. 
rhe Co sample showed only three appreciable resonances. They 
were at 5.4, 7.8, and 28.3 kev. 

* Work supported by the U. 8. Atomic Energy Com mission 


J. H. Gibbons, Phys. Rev. 94, 773 (1954). 
? Bollinger, Palmer, and Dahlberg, Phys. Rev. 95, 645 (1954) 
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HA10. Total Neutron Cross Sections in the Kilovolt Region : 
Separated Isotopes of Nickel and Cerium.* RK. C. BLock AND 
H. W. Newson, Duke University.—Transmission cross sections of 
Ni®*, Ni®, Ce™, and Ce (obtained as oxides from the Oak 
Ridge National Laboratories) were investigated with the neutron 
collimation-detection equipment previously reported.' The nickel 
isotopes were examined over an energy region from 2 to 270 kev. 
Ni® exhibits resonances at 5, 17, 65, 109, 124, 142, 162, 192, 211, 
229, and 236 kev, the high peaks occurring at 17, 65, 142, 162, 
and 211 kev. Ni® has peaks at 15, 30, 67, 88, 99, 109, 140, 162, 
188, 200, and 257 kev with prominent peaks at 15, 30, 67, 188, 
and 200 kev. The cerium isotopes were run over two energy 
regions: 0.5 to 60 kev and 80 to 125 kev (the latter range with a 
thicker than usual target). In the 0.5 to 60 kev range Ce™ has 
resonances at 2.8, 6.7, 10, 22, and 43 kev, the strong peaks at 
10, 22, and 43 kev. Ce™ resonances are at 1.6, 3.2, 4.2, 9, 16, 26, 
and 44 kev. There is a very strong peak at 1.6 kev, a weak peak 
at 9 kev, and the others are comparable in strength to the strong 
Ce peaks. In the 80 to 125 kev region no peaks in Ce were 
resolved. A partially resolved peak at 95 kev was observed in 
Ce, 

* Work supported by the U. S. Atomic Energy Commission 

‘J. H. Gibbons, Phys. Rev, 94, 774 (1954). 


HAI11. Total Neutron Cross Section of Eu in the 0.001 to 
0.01 ev Region. N. Hort,* Joint Establishment for Nuclear 
Energy Research, Kjeller, Norway.—The cross section was meas- 
ured using a mechanical neutron-monochromator.' The sample 
used was spectroscopically pure Eu,O, dissolved in dilute DNOy,, 
By subtracting the contribution of the resonances at 0.327, 0.461, 
and 1,055 ev observed with the BNL crystal spectometer*® and 
fitting the difference to the Breit-Wigner formula by means of 
the method of least squares, the following preliminary Breit- 
Wignerconstants were found :o9= 8.4 10*barn, Fy= —6X 10 ev, 
and r=0.067 ev. These values give a higher and somewhat 
narrower resonance than previously published.* The radiation 
width which results is in agreement with the width associated 
with the first positive resonance.‘ These two resonances are known 
to populate the 9.3 hr isomeric activity in the same amount.* 

* Now at Brookhaven National Laboratory. 

'N. Holt, JENER Publication No, 7, p. 169 (1953), 

: Sailor, Landon, and Foote, Phys. Rev. 93, 1292 (1954) 


*W. J. Sturm, Phys. Rev, 71, 757 (1947). 
‘H. H. Landon and V. L. Sailor, Bull, Am 


(1954). 
*R.F 95, 453 (1954). 


Phys. Soc, 20, No. 7, 10 


Wood, Phys. Rev 


HA12. Inelastic Scattering of Cold Neutrons by Aluminum,” 
R. L. Zimmerman anv H. Parevsky, Brookhaven National 
Laboratory.The transmission of cold neutrons through aluminum 
has been measured as a function of neutron wavelength and sample 
temperature, for temperatures varying between 100 and 900°K, 
The neutron wavelengths were determined by a time of flight 
method using the Brookhaven slow chopper. The wavelength 
region investigated extended from 5 to 12A. The transmission is a 
measure of the total neutron cross section and for wavelengths 
greater than the Bragg cutoff (A>4.7A) the cross section consists 
of capture, inelastic and incoherent scattering. At the highest 
temperature investigated (880°K) the inelastic scattering is about 
4 of the total cross section and at this temperature the experi- 
mental value is about 10 percent higher than the prediction of 
the theory based on the incoherent approximation.’ A calculation 
by Singwi,? which takes account of the coherent effects is in 
poorer agreement (20 percent) with experiment. In both theories 
the Debye model for the solid is used. The discrepancies between 
experiment and theory may be an indication of the failure of the 


Debye approximation, 

* Work carried out under contract with U.S. Atomic Energy Commission 
'G. Placzek, Phys. Rev. 93, 895 (1954). 
? Private communication 
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THURSDAY AFTERNOON AT 2:00 


McAlpin, Green Room 
(R. B. Brope, presiding) 


Cosmic Rays 


Il. Velocity Spectrum of Cosmic-Ray Particles at Twelve- 
Grams Atmospheric Depth.* F. N. Mircne.t, University of 
Minnesota (introduced by J. R. Winckler).—-Two balloon 
flights have been made at \= 55° carrying a Cerenkov detector 
whose mean pulse height is energy dependent and is thus capable 
of providing an independent check on the minimum velocity at 
this latitude. The Cerenkov detector was operated in coincidence 
with a GM telescope and surrounded by a ring of guard counters. 
An experimental measurement of the dependence of the pulse 
height distribution on velocity of this detector made in the 
#-meson beam of the University of Chicago synchrotron has been 
used to calibrate the detector. The response of the detector to 
relativistic particles was gotten by measurements made with sea 
level relativistic mesons. Of 9000 particles recorded at altitude 
about 6000 of these may be accounted for by the integral spectrum 
N(>E)=0A42/(E+1) using the cutoff predicted at this latitude 
by the geomagnetic theory. About 2000 of the particles have 
energies for protons between 100 and 300 Mev, and about 1000 
have energies between 300 and 900 Mev. If these last two groups 
are attributed to secondaries and albedo particles, then the 
experiment is consistent with geomagnetic theory. This is now 
being examined. It was found that the total flux was 30 percent 
higher than that found by investigators using GM telestopes. 


* This research was supported in part by the Office of Naval Research 
and the U. 8. Atomic Energy Commission. 


12. Momentum Distribution of Low-Energy Cosmic-Ray 
Particles. A. Snyper AND Det Castitio, Purdue University. 
(introduced by W. Y. Chang).--In the pictures taken from the 
twin cloud chamber setup' (see another abstract) we have 
observed a large number (roughly 6500) of single particle tracks 
through the two chambers. About 250 of these particles have 
suffered observable multiple scattering in the Pb plates of the 
bottom chamber. Using the method developed by the M.LT. 
group,? we have obtained the values of pc@ in Mev by measuring 
the angles of multiple scattering in the Pb plates. In the measur- 
able range of 100 to 1000 Mev the distribution of pc8 has a broad 
maximum around 250 Mev with a half-width roughly equal to 
300 Mev. The & values used for identifying particles are also 
obtained for those (30), which have stopped at least in the fourth 
Pb plate. 

1 Under roughly 30-inch cement forming the roofs of the building. 


*S, Olbert, Phys. Rev, 87, 319 (1952); Annis, Bridge, and Olbert, Phys. 
Rev, 89, 1216 (1953). 


13. Nuclear Interaction of Sea-Level, Cosmic-Ray Particles 
with Carbon and Lead. Det Castitio, A. Snyper, L. Grop- 
zins, AND W.Y.CHanG, Purdue University.—Two cloud chambers, 
16X 16X 14 in. each, were placed one above the other. The top 
chamber contained three carbon plates (10X71 in. each) and 
four Pb plates (11104 in. each) intended for producing the 
nuclear events, while the bottom chamber had nine Pb plates 
(11% 10X } in. each) to suggest the nature and properties of the 
shower particles. An event with at least two particles coming out 
of the bottom of either chamber was recorded. About 209 nuclear 
events were obtained from about 12 000 pairs of pictures for the 
two chambers. 134 of these events have less than 10 particles and 
are suitable for analysis; the rest either are large mixed showers 
or small ones having difficulties for analysis. Results have been 
obtained for the distributions of multiplicity, angle, and momen- 
tum of the charged particles; for the missing link showers (x° 
mesons), and for the & values' of those particles stopped after 


traversing at least 4 Pb plates in the bottom chamber. This last 
distribution shows that roughly 4 of the charged particles are 
charged mesons. The angular and multiplicity distributions are 
about the same for carbon and lead. Our present results indicates 
multiple production of supporting our previous 
conclusions.” 


mesons 


89, 1216 (1953). 
(1953 


1 Annis, Bridge, and Ibert, Phys. Rev 
? Phys ev. 84, 582, 584 (1951); 89, 408 


14. Origin of the Charge Spectrum of Primaries. S. F. 
Sincer, University of Maryland.—Does the cosmic-ray charge 
spectrum necessarily reflect the abundance of elements? Or can 
we assume that the protons and alpha particles in the “primary” 
radiation (near the earth) are produced largely by the fragmenta- 
tion in interstellar hvdrogen of an original radiation which consists 
mainly of iron? It is possible to reproduce the observed charge 
distribution of the primaries, including the iron “peak.” “Protons” 
also include neutrons and deuterons; “alpha particles” include 
He’ and H?. We have used evaporation theory, cosmic-ray data, 
and helium analyses of meteorites. The required mean path 
length is 6 g/cm*. Points for the fragmentation hypothesis are: 
It leads to the same velocity spectrum for all components, Certain 
injection mechanisms favor heavy nuclei. Crucial tests are: The 
presence of Li, Be, B in the primary radiation, as well as He* and 
H*.! Enhancement of heavy primaries during solar flare increases. 


1S. F. Singer, Duke University Cosmic Ray Conference, November 1953. 
IS. World-Wide Variations in Cosmic-Ray Intensity 1937 
1952. Scorr E. Forsusu, DTM, Carnegie Institution of Wash- 
ington.—Results from continuous registration of cosmic-ray 
ionization at four stations, from 1937-1952, show an eleven-year 
variation of about four percent which is similar at all stations. 
This variation is negatively correlated with that in sunspot 
numbers. The variation is about the same whether the annual 
means are based on results: (a) for all days, (b) for the five 
magnetically disturbed days of each month, or (c) for the five 
magnetically quiet days of each month. This indicates that the 
variation with sunspot number does not result from large world 
wide decreases in intensity which occur on some magnetically 
disturbed days. Good reliability of changes in ionization data 
over long periods of time is indicated through a comparison of 
results with Neher’s data from balloon-borne ionization chambers. 
The variability of daily near sunspot 
minimum. Evidence indicates a connection between the mecha 
nism responsible for cosmic-ray changes and that for magnetic 
variations. Some details of this study will appear in the Journal of 

Geophysical Research 


means is a minimum 


16. Diffusion of Cosmic Rays in the Earth-Sun Region. 
P. Morrison, Cornell University.—Not only the nonrecurring 
world-wide cr (cosmic ray) decreases of Forbush type, but also 
the 27-day periodic intensity changes, have been ascribed to the 
transient presence of a diffusing medium (turbulent magnetized 
clouds emanating from the sun) in the region of the earth’s orbit.! 
Physical evidence for such clouds has been sought in this way: 
The solar flares are known to produce large short-time cr increases 
within certain target zones on the earth’s surface. Hourly cr 
neutron counts during a number of smaller flares (data generously 
supplied by J. Simpson) show that the target zones are spread, 
and the flare pulse widened greatly in time, whenever the flare 
occurs during an intensity maximum of the 27-day cycle. This 
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indicates presence of a diffusing cloud at such times of maxima. 
The small flare pulses yield rather poor statistics. The Forbush- 
type events, on the contrary, are times of minimal intensity 
occurring during the earth’s immersion in a diffusing cloud. This 
difference implies an appreciable injection of cr from the sun into 
the stream of clouds responsible for the 27-day period during 
their emission. 


!P. Morrison, Phys. Rev. 95, 646(A) (1954) 


17. Preliminary Studies with a High-Energy Photon Spec- 
trometer.* C. E. Swartz anp J. W. DeWitre,t Brookhaven 
National Laboratory.—A_ high-energy photon spectrometer 
employing a large Cerenkov shower detector has been constructed 
and has been put into use in studies with the Cosmotron, The 
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photons are materialized in a lead radiator and are detected by a 
coincidence-anticoincidence telescope which gates a ten channel 
discriminator in which the shower pulses are analyzed, The shower 
development takes place in a stack of lead glass plates of specific 
gravity 5.0, which are viewed end on by a DuMont 6394 photo- 
multiplier tube. The glass occupies a cylindrical volume 10 cm 
in diameter and 18 cm long. The radiation length in the glass is 
1.76cm. The spectrometer has been calibrated with monoenergetic 
electrons of 160 and 390 Mev. The energy resolution is better than 
30 percent at both energies. Photon spectra taken at 90° to a 
carbon target bombarded by protons of 1, 2, and 3 Bev will be 
shown and discussed. 


*Work performed under the auspices of the U. S, Atomic Energy 
Commission. 


t On leave from Cornell University. 


Invited Papers 


I8. Abundance of Lithium, Beryllium, and Boron in the Primary Cosmic Radiation. M. F. Karvon, 
University of Rochester. (30 min.) 





THURSDAY AFTERNOON AT 2:00 
New York University, Vanderbilt Hall 


(H. A. Betue, presiding) 


Invited Papers 


IAl. Angular Correlation of Aligned Nuclei. P. S. Jastram, Washington University, (30 min.) 

IA2. Coupling in Nuclear Beta-Decay. O. Kororp-Hansen, University of Copenhagen and Columbia 
University. (30 min.) 

IA3. The Universal Fermi Interaction. L. Micuu., Ecole Polytechnique and Institute for Advanced 
Study. (30 min.) 

IA4. The Giant Resonances of Nuclear Photodisintegration. 1). H. WILKINSON, Cambridge Univer- 
sity and Brookhaven National Laboratory. (30 min.) 





THURSDAY AFTERNOON AT 2:00 
McAlpin, Red Room 


(A. Pats, presiding) 


Statistical Theory , 





Ji. A New Extension of Collective Coordinates for the 
Many Body Problem. Jerome K. Percus, New York City, 
AND GeorGce J. Yevick, Stevens Institute of Technology.—In 
previous work,' we have employed the collective coordinate 
approach to describe the general problem of the dynamical 
behavior of N interacting particles. This work was characterized 
by a set of harmonic oscillators for the collective coordinates. In 
the comparison of the collective coordinate Lagrangian with the 
physical Lagrangian, we have found it necessary to alter the 
physical Lagrangian in a manner which does not affect the equa- 
tions of motion. Moreover coupling between oscillators which is 
the dominant mechanism for irreversibility (the decay of orderly 
mechanical motion into chaotic thermal motion) was omitted. 
This coupling has now been achieved by an improved expression 
for the kinetic energy term in the collective coordinate Lagrangian 
which eliminates the velocity dependent potentials. Moreover 
new types of collective coordinates are suggested by an approxi- 
mate diagonalization of the kinetic energy. These coordinates 


represent an intermediate stage in the transition from the individ- 
ual to the collective. The new coordinates and their time deriva- 
tives bear a close relation to the density, velocity, and force in a 
hydrodynamical system. 


1 See Phys. Rev. 94, 787(A) (1954) (detailed analyses have recently been 
submitted to Phys. Rev.). 


J2. Some Comments on Feynman’s Atomic Theory of 
Liquid Helium. Greorcr J. Yevick, Stevens Institute of Tech- 
nology, AND Jerome K. Percus, New York City.-In a very 
interesting paper, Feynman! has presented strong plausibility 
arguments as to the nature of the quantum-mechanical wave 
functions for the many body problem of the super-fluid, liquid 
helium. We shall first briefly indicate how these wave functions 
can be gotten by the use of collective coordinates as a zero-order 
approximation to our theory, Next, we shall show how Feynman's 
energy spectrum may be obtained from the zero-order theory in 
terms of the two body potentials. The principal weakness in 
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Feynman’s theory is the lack of coupling between the “phonon” 
and “roton’’ oscillators. This is the mechanism for irreversible 
processes, e.g., the transfer of energy from the low wave number 
phonons to the rotons. Another serious difficulty is that the 3N 
number of degrees of freedom are not built into the theory. This 
can be shown to be quite troublesome for very high wave numbers 
(roton states) which in some sense describe closeup effects. In 
this connection, we have succeeded in expressing very high rotons 
which are not independent coordinates as nonlinear combinations 
of both phonons and rotons. 


'R. P. Feynman, Phys. Rev. 94, 262 (1954), 


J3. Remarks on the Fluctuation Dissipation Theorem.* 
J. Wener, University of Maryland.—The integral' form of the 
fluctuation dissipation theorem is commonly employed to calculate 
the results of precise measurements of the mean squared values of 
fluctuating quantities, in terms of the generalized resistance. 
The resistance function is a measure of the response of a system 
to harmonic driving forces which have been applied for a long 
time, We imagine that measurements are made on one system, at 
intervals which are large enough apart so that the system can 
return to equilibrium between measurements. Single measure 
ments are necessarily averages over small time intervals and under 
these conditions the coupling of the measuring apparatus to the 
modes of a system will be different from the infinite time coupling 
implied by the resistance function. The measured fluctuations 
will depend in a detailed way on the method of measurement. 
Such effects can be taken into account by regarding the differential 
form’? of the fluctuation dissipation theorem as fundamental 
rather than the integral form, and then introducing suitable 
coupling constants for the different modes before integration over 
all frequencies is carried out. Examples will be discussed. 

» reported by the Office of Naval Research. 


Callen and T. A. Welton, Phys. Rev. 83, 1, 34 (1951), 
2 J. Weber, Phys. Rev. 96, 556 (1954). 


J4. Variational Principles in Irreversible Thermodynamics. 
IRwIN MANNING AND Laszio Tisza, M./.T.—A_ systematic 
presentation of the irreversible thermodynamics of steady state 
processes has been developed. The discussion is based on a 
variational principle in close formal analogy with Gibbsian 
thermostatics. The role of the fundamental equation is played by 
a generalized dissipation function. In analogy to the equations of 
state, the variational principle yields the relations between the 
currents and forces which in general need not be linear. Legendre 
transformations lead to other potentials which play a role parallel 
to the Gibbs, Helmholtz, etc. potentials in thermostatics, and 
provide the same flexibility in the choice of independent pa- 
rameters, The analogs of the Maxwell relations are reciprocity 
conditions which in case of linear processes reduce to the well- 
known Onsager relations. The relationship of the variational 
principle to some of those suggested in the past will be discussed. 


J5. Statistical Ensemble Representing Stationary Non- 
equilibrium States.* Jovi. Lenowitz anp Perer G. Bero- 
MANN, Syracuse University.—-If a system is to be capable of 
approaching thermodynamic equilibrium or a nonequilibrium 
stationary state, it must be in thermal contact with one or several 
inexhaustible reservoirs. We are assuming that the reservoir 
consists of an infinite number of independent components and 
that the system interacts with each component impulsively and 
but once in its history. The corresponding ensemble in gamma 
space will then obey an integro-differential equation which 
contains stochastic terms in addition to the usual Liouville terms. 
If there is only one reservoir at a definite temperature, the 
distribution function of the system will approach the canonical 
form asymptotically, with the Helmholtz potential decreasing 
monotonically with time. For certain types of interaction kernels, 
we have shown that in the presence of several reservoirs at 





different temperatures the distribution also approaches asymptoti- 
cally a stationary state. Though we have not as yet succeeded in 
constructing this stationary state explicitly, some of its properties 
have been deduced. 


* Supported by Office of Scientific Research, U.S. Air Force 


J6. Invariant Characteristics of One-Dimensional Binary 
Lattices. Eywarp H. Kerner anv Josern G. LoGan, Uni- 
versity of Buffalo.—The periodic lattice of A and B atoms --- 
[ (mB) (nA) (n,B)---(n,A)]--+ has certain properties which are 
invariant to the ordering of the sequence. From the eigenvalue 
equation coskl=477rHg"H4"- --H4"» where (for square well A 
and B for example) the H matrices are those recently introduced 
by one of us' for A and B cells, it follows that whenever Hg and 
H,« commute the Trace is insensible to the structure of the 
sequence, becoming equal to 7rH g"*H 4"4, ne and na being the 
total numbers of B and A atoms. The conditions for commutability 
may be easily expressed in a pair of equations connecting the 
energy with the A and B lattice parameters. For energy levels 
satisfying these equations the Trace may be evaluated from that 
of the simple diatomic lattice ---[(ngB)(n4A)]--- and the 
levels classified as “super-forbidden” or “super-allowed” in view 
of the invariance of their character to the ordering of the sequence. 
Such super-levels would seem to imply the existence of super-bands 
surrounding them of greater or smaller width as the ordering of 
the lattice is altered 


1 KE, H. Kerner, Phys. Rev. 95, 687 (1954) 


J7. Thermal Diffusion in Multiple Component Isotopic 
Mixtures.* J]. W. Corpetrt anp W. W. Watson, Yale Uni- 
versity.—-The general equation for thermal! diffusion in a mixture of 
several gases simplifies in the case of isotopic mixtures to allow 
one to write [to the first order of (m;—m;)/m_] for the equilibrium 
state 
my, LU 


Mj ; 
_~ agVin7 ’ 
m 


Vings= — Dic; 
where the ao is characteristic of the molecular species. These 
equations can be linearized by the approximation that the 
product of the concentrations (¢,c;) changes so little in the process 
that it may be considered constant. Thus, the general matrix 
solution of the simultaneous equations can be used. Since the 
matrix involved is (by the reciprocity conditions) antisymmetric, 
this method of solution may be applied only to mixtures with an 
even number of isotopes. Two-bulb experiments, analyzed by this 
method, give an inversion point for Rr =ao(expt)/ao (rigid 
elastic spheres) ] for krypton (six components) close to room 
temperature. 


* Supported in part by the U.S 
t General Electric Coffin Fellow 


Atomic Energy Commission 


J8. The Collective Description of an Electron Gas. M. 
Drespven, University of Kansas.—It has been shown by Bohm and 
Pines' that for many phenomena, in which a dense electron gas is 
involved, the collective description is more appropriate, than a 
description following the detailed motion of individual electrons. 
A study has been made of the mathematical and physical relation- 
ship between the conventional and the collective mode of descrip- 
tion. The collective description can be expressed best in terms of 
a splitting of the density fluctuations of the electron gas. One 
therefore seeks a transformation, which starting from the Hamil 
tonian of the electron gas, will effect this separation. For this 
purpose it has been found useful to employ the analogue of a 
transformation due to Kramers. (See Welton? and van Kampen’). 
This type of transformation allows one to show, that the coupling 
between an electron and an electromagnetic field may be described 
in terms of the addition of a fluctuating term to the position of the 
electron, in the potential energy. It will be shown, that an appro- 
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priate modification of this transformation allows one to obtain 
the transformation to the collective description in this fashion. 
' Bohm and Pines, Phys. Rev. 85, 338 (1952). 


* Welton, Phys. Rev. 74, 1157 (1948). 
* van Kampen, Dan. Mat. Fys. Medd. 26, No. 15 (1951). 


J9. Stark Fields from Ionsina Plasma. ArtuHur Broy_es, 
The RAND Cor poration.—An investigation has been made of the 
problem of determining the probability that a radiating ion in a 
plasma will experience an electric field of a given magnitude from 
other ions, All the ions are assumed to have the same charge and 
to move in a sea of uniform negative charge. Formulas resulting 
from various approximations will be presented along with calcula- 
tions for certain specific cases. One approximation uses collective 
waves as suggested by Pines and Bohm.' For iron at one kilovolt 
temperature and normal density (7.83 g/cm*), the broadening of 
K to L lines is such that the line intensity equals the continuum 
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intensity at a frequency displacement from the line center of 
about 1/30th that of the Holtsmark distribution.? 
'D. Pines and D,. Bohm, Phys. Rev. 85, 338 (1952). 


* Holtsmark, Ann. Physik 58, 577 (1919); Physik Z. 20, 162 (1919); 
Physik Z. 25, 73 (1924), 


J10. Magnetic Moment of a Fermi-Dirac Gas. A. W. 
SAENz AND R. C. O’Rourke, Naval Research Laboratory.—-This 
investigation consists of two parts. In the first one, we deal with 
the computation of the density of states of an assembly in statis- 
tical equilibrium by means of two perturbation-theoretic methods, 
I and II. In both I and II, we employ Laplace transform tech- 
niques, but while I is based on the Schwinger trace formula, IT 
rests on a new procedure for expanding exponential operators, and 
can be shown to be better term by term than I, in a suitable 
sense. A preliminary report will be given on the second part of 
our study, not yet completed, which deals with the application of 
I and IT to the magnetic susceptibility of metals. 


Invited Paper 


Jil. (Title to be announced.) R. E. Pererts, University of Birmingham, (30 min.) 





THURSDAY AFTERNOON AT 3:00 
New Yorker, Mosaic Room 


(R. T. BirGE, presiding) 


Post-Deadline Papers, if Any 





FRIDAY MORNING AT 9:00 
New York University, Vanderbilt Hall 


(H. A. BeTue, presiding) 


Business Meeting of the American Physical Society 
Invited Papers Beginning at 10:00 
Hyperons and Heavy Mesons 


K1. Investigations of the Bristol School. M. G. K. Menon, Bristol University, England. (40 min.) 

K2. Investigations of the Indian School. Yasu Pat, Tata Research Institute, Bombay, India, (30 
min.) 

K3. Investigations of the Italian School. N. DaLLaporta, University of Padua, Italy. (30 min.) 

K4. Heavy Mesons Produced in the Interaction of 2-3 Bev Particles. EF. O. SALANT, Brookhaven 
(30 min.) 








FRIDAY MORNING AT 10:15 
McAlpin, Colonial Room 


(GREGORY BReEIT, presiding) 
Scattering of Elementary Particles 


of a 90° magnetic spectrometer using a scintillation detector. 
The cross sections were measured at 30°, 60°, and 90° with an 
estimated error of +2 percent and at 120° and 150° with an 
estimated error oi +5 percent. A comparison of these results 
with the Mot¢ theory as evalua'ed by McKinley and Feshbach, 


Ll. Absolute Cross Sections for the Coulomb Scattering of 
1.75 Mev Electrons.* T. F. Ruane,t B. WALDMAN, AND 
W. C. Mitier, University of Notre Dame.—Electrons from our 
electrostatic generator were scattered from thin foils of aluminum, 
nickel, and gold. The scattered electrons were analyzed by means 
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and Bartlett and Watson, shows deviations of 5 percent to 10 
percent, the experimental results being low. Corrections for 
nuclear size and screening, and the radiative correction of 
Schwinger, seem to be needed to remove this discrepancy. 

* Assisted by the joint program of the Office of Naval Research and the 


U, 8S, Atomic Energy Commission. 
1 Now at Knolls Atomic Power Laboratory, Schenectady, New York. 


L2. Elastic Scattering of Protons from Li’.* Puitip R. 
MALMBERG,t Slate University of lowa.—The yield curves for the 
elastic scattering of protons from Li’? were measured in the energy 
range 1350-3000 kev at the center of mass angles 70°, 90°, 110°, 
130°, 150°, and 167.1°. The State University of Iowa statitron 
supplied the incident proton beam. The various proton groups 
scattered from different elements in the target were separated by 
a magnetic analyzer. The 167.1° data agreed well with the earlier 
work of Wisconsin! at 166.3°. At all six angles the curves showed 
a peak at about 2000 kev (peak position varied between 1950 kev 
at 70° to 2050 kev at 167.1°), a dip at 2230 kev and an anomaly 
near the 1882 kev Li’(p~,n)Be’ threshold. At the more forward 
angles this anomaly appears as a spike closely coincident in 
energy with the position of the neutron threshold. A behavior of 
this nature has been predicted by Wigner.? 

* This work supported in part by the U.S. Atomic Energy Commission. 

t Now at the Naval Research Laboratory. 


1S. Bashkin and H. T, Richards, Phys. Rev. 84, 1124 (1951). 
*E. P. Wigner, Phys. Rev. 73, 1002 (1948). 


L3. Scattering of 9.76 Mev Protons by He‘. Joun H. 
WILLIAMS AND STANLEY W. RAsmussEN,* University of Minnesota. 

Protons accelerated by the first section of the Minnesota linear 
accelerator have been scattered from purified helium gas at 10-cm 
pressure. The Los Alamos multiple-plate scattering chamber' 
defined the scattering angles to +1 degree. A single exposure 
recorded the scattered protons at 26 laboratory angles from 35 
to 172.5° and the recoil « particles at 6 angles from 22.5° to 35°. 
Absolute cross sections were obtained by counting 400 or more 
tracks in C-2 emulsions for each angie. The results are in good 
agreement with those of Putnam? at 9.48 Mev, considering the 
difference in proton energy. The results of Cork and Hartsough* 
are not confirmed in the angular range 115° to 155° in the C. of 
M. system. Recent Birmingham‘ results are confirmed in the 
general form of the curve from 50° to 150°, C. of M., but not in 
absolute cross section where the Birmingham results are 85 
percent of the present cross sections over the above angular range. 

* Supported by the U. S. Atomic Energy Commission. 

! Allred, Rosen, Tallmadge, and Williams, Rev. Sci. Instr. 22, 191 (1951) 

*T. M, Putnam, Phys. Rev, 87, 932 (1952), 


*B. Cork and W. Hartsough, Phys, Rev. 96, 859 (1954). 
*R. G, Freemantle et al., Phil. Mag. 45, 1090 (1954). 


14. Proton-Proton Scattering Experiments at 170 and 260 
Mev.* Owen CHAMBERLAIN AND JouNn D. Garrison,t Lni- 
versity of California, Berkeley.—The differential proton-proton 
scattering cross section has been measured at 170 and 260 Mev 
for laboratory angles of 4.4° to 30°. The proton beam was obtained 
by reducing the energy of the 345-Mev beam of the Berkeley 
cyclotron. A liquid-hydrogen target was used, Counting was done 
using a telescope of two liquid scintillation counters. A Faraday 
cup served as a standard for beam calibration, The results indicate 
a cross section, in the center-of-mass system, independeni of 
energy, and rather independent of angle, outside of the Coulomb 
region. The level of the differential cross section is close to 3.6 
millibarns per steradian. 

* This work was performed under the auspices of the U. S. Atomic Energy 
Commission 


t Now at Sloane Physics Laboratory, Yale University, New Haven, 
Connecticut. 


LS. Proton-Proton Scattering at 900 Mev.* ‘I. W. Morais, 
J. D. Garrison, anv E. C. Fowrer, Yale University, anv W. B. 
Fow er, R. P. Suutrt, A. M. Turonpike, AnD W. L. Waitrremore, 
Brookhaven National Laboratory.—-900 Mev protons incident on a 
diffusion cloud chamber containing hydrogen at 20 atmospheres 


are being studied. More than 160 scattering events have been 
located, of which 75 have been identified as elastic and 73 as 
inelastic with only one meson being produced. Though no cases 
have yet been identified, multiple meson production is not ruled 
out. The elastic scatterings are distributed in center-of-mass 


angle as follows: 


0°-10° 

10°-20° 13 
20°-30° 17 
30°-40 1 
40°-50° 7 
50°-60° 6 
(0°-70 7 
70°-80 4 
80°-90 4 


Results of a complete analysis of the inelastic events will be 
presented including the angle and energy distributions of the 
particles and the ratio of charged to neutral meson production. 


*Work performed under the the U. S. Atomic Energy 


Commission. 


auspices of 


L6. Elastic p-p Angular Distributions from 440 to 1000 Mev. 
L. W. Smitu, A. W. McReyNnoups, ANp G. A. Snow, Brookhaven 
National Laboratory.*—Preliminary results on the angular distribu- 
tion of elastic p-p scattering have been obtained at 440, 600, 800, 
and 1000 Mev incident proton The proton energy 
spread is <+5 percent. The circulating beam of the Cosmotron 
strikes an internal target of CH, or C in a straight section having 
thin walls. Elastic p-p events are detected by coincidences in two 
scintillation counter telescopes set at the correct kinematic angles 
and with appropriate relative time delays. The measurements 
extend from ~30° to 90° in the CM system. The CH), accidental 
coincidence rate is held to <10 percent, and the quasielastic 
contribution from C is negligible. Auxiliary beam intensity 
monitors permit determination of angular distributions at each 
energy to 5 percent accuracy and cross sections as a function of 
energy to 20 percent accuracy. The 440-Mev results are in 
essential agreement with those of Sutton ef al.' At higher energies 
the angular distributions become sharply peaked forward. The 
ratios [doem(@= 35°) /dw \/[doem(@=90°)/dw| are 1.1, 2.3, 6.3, 
and 10.5 at 440, 600, 800, and 1000 Mev, respectively. The total 
elastic cross section remains roughly the same from 440 to 1000 
Mev. 


energies 


* Under the auspices of the U. S. Atomic Energy Commission 
' Sutton, Fields, Fox, Kane, Mott, and Stallwood, Phys. Rev 
(1954) 


95, 663 


L7. Proposed Method for Obtaining a High-Energy Polar- 
ized Proton Beam. R. Tripp, University of California, Berkeley. 

Recent experiments! indicate that at 32 Mev the asym- 
metries obtained in double-scattering experiments are small 
and their interpretation in terms of polarization becomes 
uncertain. A proposal to enhance the ability to detect the 
expected small polarization involves performing the first 
scattering in an energy region where some highly polarizing 
elastic resonances should exist and then accelerating this 
polarized beam to 32 Mev. The Berkeley Linear Accelerator 
acceptance energy is 4+0.04 Mev. It uses for an injector a 
Van de Graaff accelerator capable to producing 4.7-Mev 
protons. The suggestion is then to scatter the protons upon 
emerging from the Van de Graaff, bring a portion of the 
scattered beam to parallelism by means of a strong focusing 
lens and then inject it into the linear accelerator. For this 
machine it appears that an oxygen resonance can be utilized, 
although further investigation may reveal a more suitable 
element. With a 1 mg/cm* target and a solid angle of 0.02 
steradian, a beam greater than 10° protons/sec should be 
obtainable. This work was done under the auspices of the 
U.S. Atomic Energy Commission. 


1 Bradner and lloff, UCRL-2691; Simmons ( 


rivate communication) 
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L8. n-p Scattering at 17.9 Mev. A. GALONSKY AND J. 
JupisH, Oak Ridge National Laboratory.—The yield of recoil 
protons from 17.9+0.1-Mev neutrons was measured every 
5° from 0° to 45° in the laboratory system. Neutrons were 
produced by bombarding a tritium gas target with 1.70-Mev 
deuterons from an electrostatic generator. Proton recoils 
from a thin CH, radiator were counted by a triple coincidence 
spectrometer consisting of two argon-CO, proportional 
counters followed by a Nal(T1) crystal which was thick 
enough to stop the protons. The coincidence spectrum of 
proton energies in the crystal was measured at each of the 
above angles. Spectrum widths were kept under 25 percent by 
using progressively thinner radiators as the angle of observa- 
tion was increased. Part of the width is introduced by the 
angular resolution, which was +3°. The statistical accuracy of 
the measurements varied from 2 percent to 3 percent. The 
ratio of neutron scattering cross sections at 180° and 90° 
in the CM system is 1.08+0.03. Corrections on the proton 
spectra will be made for Coulomb scattering effects in the 
radiator, the argon-COsz, the walls of the proportional counters, 
and the angle-defining slit over the Nal crystal. 


L9. Multiple Scattering of Low-Energy Alpha-Particles in 
a Gas. G. ALLEN, R. WEBELER, AND S. BariLe, NACA. 
Alpha particles from a polonium source were slowed down and 
allowed to enter a cloud chamber containing a mixture of 
hydrogen, water, and ethyl alcohol at pressures of 12.25 cm, 
1.5 cm, and 2.24 cm, respectively, before expansion. Eighty- 
four sharp tracks of particles which stopped in the illuminated 
part of the chamber and which did not show any sharp bends 
due to single scattering were selected for study. Starting at the 
termini of the projected tracks, the angles between successive 
chords of three millimeters length were measured, the energies 
at the first three intersections of the chords being approxi- 
mately 18, 45, and 85 kev. Contrary to the situation at higher 
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energies we were unable to represent the distribution of the 84 
angles corresponding to each energy as a gaussian distribution 
plus a well separated single and plural scattering ‘“‘tail.” 
The rms values of the distribution were found to be 11.3°, 5.6°, 
and 3.5° for 18, 45, and 85 kev, respectively. Because of the 
non-Gaussian nature of the distribution no procedure is 
available for correcting these results for the experimental 
error which was determined to be between 2.5° and 1.5° 
depending on the magnitude of the angle. 


L10. Scattering of 100-Mev y Rays from Carbon.* 1). M. 
Ritson, A. Pevsner, AND R. L. ZimmMeRMAN, M.J.7T.—The 
scattered y rays from a carbon target exposed to the 130-Mev 
M.I.T. Synchrotron beam were detected by their materializa- 
tion in a 1.5-mm lead plate placed inside a magnetic cloud 
chamber. The cloud chamber could be rotated to observe y's 
scattered at 45°, 90°, and 135° from the target. The cloud 
chamber was triggered by the loose requirement of one 
particle passing through a threefold scintillation telescope at 
the back of the chamber. Charged particles originating from 
the target were generally swept out by the magnetic field and 
did not trigger the chamber. The differential cross sections at 
97 Mev and 77 Mev obtained from the analysis of four 
thousand pictures are given in the table below. The errors 
quoted in the table are statistical. In addition, the absolute 
efficiencies are probably known only to +20 percent. The 


4s° 90° 135° 
04 Mev 3.1405 10°" 1440310" 2.240510 
cm?/sterad em?/sterad cm!/sterad 
77 Mev 2.920510" 15403108 18404 10°" 
cm!?/sterad em!*/sterad cm? /sterad 


significance of the results will be discussed at the meeting. 


* This work was supported in part by the joint program of the U. 8, 
Atomic Energy Commission and the Office of Naval Research. 


Invited Paper 
Lil. Elastic Scattering of Protons. K. Srravcu, Harvard University. (30 min.) 


Fripay MorninG aT 10:15 


McAlpin, Green Room 


(H. G. Hacstrum, presiding) 


Electron Physics 


LAI. Scattering of 20-Kev Electrons in Thin Films.* H. 
MENDLOWITZ AND L. Marton, National Bureau of Standards. 

The energy and angular distributions of electrons scattered 
from thin films indicate that there is a large probability for a 
two stage process which includes (1) an inelastic scattering 
and (2) an elastic scattering from the crystal lattice. This is 
found even for crystals of about thirty layers of atoms. The 
angular distributions of the elastically scattered electrons and 
those suffering the characteristic energy losses are found to 
depend on whether the material is a single crystal or poly- 
crystalline. The manner in which the cross sections vary is 
consistent with the above mentioned collision mechanism 
These data can be utilized to interpret electron diffraction 
patterns from polycrystalline materials, and sheds doubt on 
the assumption! that the lattice spacings in single crystals 
differ from those in polycrystalline materials. 

* Supported by Office of Naval Research. 


1Z. G. Pinsker, Electron Diffraction (Butterworth Scientific Publications, 
London 1953), Dp. 209. 


LA2. Single Scattering of 20-Kev Electrons in Solids.* 
L. Marton, J. Arov Simpson, ann T. F. McCraw, National 
Bureau of Standards.—The energy distribution of 20-key 
electrons scattered from metallic foils has been measured with 
equipment! giving an energy resolution of 15 volts and an 
angular resolution better than 6 K 10~ radian, The measure- 
ments extend to a maximum loss of 150 ev, a maxiinum angle 
of 4 & 10°* radian, and over an intensity range exceeding 10°, 
Several materials were investigated. Sample thickness was 
varied from about 100A to about 800A. Also the amount of 
crystal alignment was varied from single crystals giving 
sharp Laue spots to polycrystalline materials giving Debye- 
Scherrer ring diffraction patterns, The cross section of the 
characteristic energy losses? relative to the elastic cross section 
is found to be a function of angle and the above mentioned 
crystal parameters. Some of these results will be discussed in 
the following paper. 

* This work supported by the Office of Naval Research. 

! Marton, McCraw, Sim , Phys. Rev. 95, 634(A) (1954) 


* Marton and Leder, Phys. Rev. 94, 203 (1954) 
Phys. Rev. 95, 1345 (1954). 


Leder and Marton, 
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LA3. Field Emission from Titanium Single Crystals. E. G. 
Brock anp J. E. Tayior, General Electric Research Laboratory. 

~Field emission microscope patterns from single crystals of 
titanium have been observed, At room temperature titanium 
has a hexagonal-close-packed crystal structure. This low- 
temperature alpha phase transforms at 882°C to a body- 
centered-cubic beta structure.’ Electron emission patterns 
from titanium single crystals held in the two temperature 
regions show the symmetry of their respective stable crystal 
structures. The orientation relation between the two phases 
is similar to that reported for zirconium.” 

'C, J. Smithells, Metals Reference Book (Interscience Publishers, Inc., 


New York, 1949), 
2W. G. Burgers, Physica 1, 561 (1933-34). 


LA4. On the Magnification and Resolution of the Field 
Emission Electron Microscope. 1D. J. Rose, Bell Telephone 
Laboratories.—The resolution of the field emission electron 
microscope is expressed as a function of its magnification. 
It is shown that a resolution of about 3A is possible provided 
the magnification is much greater than that computed for an 
atomically smooth emission tip. Further analysis shows that 
irregular projections on the surface of the tip can provide 
local areas of such increased magnification. Some atomic 
detail of these irregularities should therefore be observable. 


LAS. Light Output from Dielectric-Imbedded Electrolumi- 
nescent Phosphors. F. A. Scuwertz anp J. J. MAzenko, 
Mellon Institute.—The time-average light output from a 
number of plastic-imbedded electroluminescent phosphor 
powders was studied as a function of frequency and field 
strength using sine and square voltage waves. For both types 
of stimulation the time-average light output was measured in 
the frequency range from 0.1 to 50 kilocycles per second. For 
square waves the light output increased more rapidly with 
frequency than with sine waves, but peak light output was 
obtained at approximately 20 kilocycles per second in both 
cases. For sine waves the time-average light output increased 
as the n'th power of the applied field, m ranging from approxi- 
mately 2 to approximately 4 for nine different electrolumi- 
nescent phosphor samples. The results were generally in agree- 
ment with those reported by Nudelman and Matossi.* 


*S. Nudelman and F, Matossi, Phys. Rev. (to be published). 


LAO. Field Enhanced Solid-State Luminescence. |). A. 
Cusano, General Electric Research Laboratory.—Large increases 
in the luminescent brightness of ultraviolet excited or x-ray 
excited zinc sulfide layers have been observed when these 
phosphors are subjected to electric fields. The application of 
100 volts de across vapor-deposited ZnS:Mn films approxi- 
mately 10 microns thick (10° v/cm) has been observed to 
increase the brightness 50 times. This occurs for excitation by 
either x-rays or ultraviolet. Smaller changes of brightness by 
ac fields on powder cells with x-ray excitation have been 
earlier reported.' In the present work, however, some 10-fold 
true light amplification has been realized with low ultraviolet 
intensity. Ten or more visible photons are emitted per incident 
ultraviolet photon. For a given value of de field, the brightness 
increases monotonically with excitation intensity. Therefore, 
the single phosphor layer acts as an image intensifying screen. 
The structure consists solely of a phosphor film between plane 
parallel electrodes, one of which is transparent. Although this 
phosphor exhibits negligible emission under the action of an 
electric field alone, this enhancement phenomenon may be 
regarded as "'electroluminescence,” the magnitude of which 
is dependent on excitation intensity. In this sense, the exciting 
radiation “controls” the emission of light. 


1G. Destriau, Electrochemical Society Meeting, May 2-6, 1954. 


LA7. Edge Electroluminescence from CdS Crystals at Low 
dc Fields. R. W. Smitu, RCA Laboratories.—The wavelength 
of the electroluminescence from certain CdS crystals! is very 
close to the optical absorption edge of the crystal and follows 
the shift of the absorption edge from 77 to 300°K. The green 
radiation extends completely between the electrodes and is 
apparently generated throughout the volume of the crystal 
at dc electric fields E as low as 10* volts/cm. The radiated 
power is essentially proportional to the current density, J, 
and is approximately 10~* times the input power. JaE”. 
The decay time of the radiation is <10~* sec. While electro- 
luminescence in insulators has usually been interpreted in 
terms of high field effects, such a model apparently does not 
fit in this case. In view of the low value of the field E it is not 
reasonable that impact ionization or field excitation can 
excite carriers in the body of the crystal to edge emission, 
where hy =2.4 ev. The generation of light uniformly through- 
out the volume between the electrodes precludes any simple 
assumptions of high local fields. A more reasonable mechanism, 
suggested by A. Rose and H. S. Sommers of these Laboratories, 
is that excess holes and electrons are injected at opposite 
electrodes and recombine radiatively in the body of the 
crystal 


1R. W. Smith, Phys, Rev. 93, 347 (1954) 

LA8. Photoelectric Mixing of Incoherent Light.* A. THEo- 
DORE Forrester,t RicHarp A. GUDMUNDSEN,f AND PHILIP 
O. Jounson,§ University of Southern California, Los Angeles. 

~As previously proposed! beats have been obtained between 
incoherent light sources by mixing Zeeman components of 
a visible spectral line at a photosurface. Periodicity in emission 
was observed through the excitation of a 3-cm cavity. Because 
of incoherence between the spectral lines and incoherence 
between the beats from different cathode areas, signal/shot 
noise at the cavity is only 10~* but the beats were modulated, 
optically, while maintaining constant intensity, and our 
receiver was able to yield a signal/noise of two at the indicator. 
The basic idea is that, in the photoelectric process, the emission 
probability for electrons is proportional to the square of the 
resultant electric field amplitude. This appears to be a point 
of view that is not so directly tested in any other experiment 
involving quantum effects. The experiment also demonstrates 
that any time delay between photon absorption and electron 
release must be significantly less than 10~” second. 

* Supported in part by the U. S. Office of Naval Research. 

+ On sabbatical leave at the University of Pittsburgh. 

t Now at Hughes Aircraft Company 

Now at North American Aviation 


! Forrester, Parkins, and Gerjuoy, Phys. Rev. 72, 728 (1947); Gerjuoy, 
Forrester, and Parkins, Phys. Rev. 73, 922 (1948), 


LA9. A More General Theory of Magnetic Self-Focusing. 
WILLARD H. Bennett, Naval Research Laboratory.—Almost 
electrically neutral, mixed ion and electron streams of low 
density can be magnetically self-focusing in the absence of an 
applied electromotive force, only if the current in the stream 
exceeds a calculable minimum critical current, whether the 
velocity distributions are Maxwellian or non-Maxwellian. In 
the evolution of such a stream, the first things to happen are 
the permanent loss of some of the charged particles from the 
stream and the rapid attainment of cylindrical symmetry by 
the remainder. Such streams are not subject to Kruskal and 
Schwarzschild* instability. The theory is developed in a 
relativistically invariant form and is applicable to solar 
proton streams in the interplanetary plasma 


* Proc. Roy. Soc. (London) 223, 348 (1954). 

LA10. The Magnistor, a Solid-State Electronic Valve. 
MILTON GREEN, Signal Corps Engineering Laboratory.—The 
property of magnetoresistivity can be employed to produce 
tuned amplifiers' and oscillators principally for the subaudio 
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and the audio range. To accomplish this, a strip or a coil of a 
magnetoresistive material, generally bismuth, is placed in the 
magnetic circuit of a laminated or a ferrite core of an inductor* 
and appropriately wired into an electric circuit containing a 
dc power supply. The circuitry is simple and the device can 
be constructed to match almost any given combination of 
input and output impedances. Magnetoresistive materials, 
until now, have been such that the amplifier gives useful 
power gains only at very low temperatures? (—190°C and 
lower). There is hope for raising the limit to within room 
temperature by recent semiconductor developments. The 
only internal source of noise of such an amplifier is Johnson 
temperature noise. Consequently, operating as it does at 
low temperatures, low impedances and narrow band pass, 
it should exceed any of the existing types of amplifiers in the 
detection of weak signals. Experimental results will be shown 
for magnistors designed in these laboratories. 

U.S, Patent No. 1596558, Vol. 29, 9, 22 and No. 1810539, Vol. 16, 8, 26 
by B. N. Sakoloff. 


* This combination as described is referred to as a magnistor. 
2? FE. Justiand H. J. Thuny, Z. Naturforsch. 90, 183 (1954) 
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LA11. Photomultiplier Transit Time Measurements.” RK. V. 
SmitH, Westinghouse Research Laboratories.—A spark dis- 
charge has been used to illuminate simultaneously a 935 
phototube and selected small areas on the photocathode of 
various photomultipliers. The two output pulses were dis- 
played on the same oscilloscope sweep and the time difference 
measured by reference to a superposed 700 m.c. sine wave. 
The table shows the over-all photomultiplier voltage (v) on 
a divider chosen for maximum gain (except that the 6342 
shield was at first dynode potential), transit time (¢) for 
illumination of the photocathode center only, and the differ- 
ence (6f) between edge and center transit times. 


Tube v (volts) t(sec X10") St (sec X10") 
5819 No. 1 1100 33.7 43 
1400 9 29 
5819 No. 2 950 324 38 
1300 27.8 2, 
6342 No. 1 1050 32.8 §.2 
1700 26.7 2° 
6342 No. 2 1500 29.5 44 
1800 26.8 24 


* Assisted by the joint program of the Office of Nawal Research and 
U.S. Atomic Energy Commission. 
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Manhattan Center, Masonic Room 
(K. G. McKay, presiding) 


Various Topics in Solid-State Physics 


M1. Molecular Orientation Produced in Polymethy! Methac- 
rylate by Hot Stretching. Mary J. Kramer, Naval Research 
Laboratory.—A commercially produced sample of hot-stretched 
polymethyl methacrylate was examined for evidence of mo- 
lecular orientation. The sample chosen had a high value of 
birefringence and an appreciably enhanced resistance to crack 
propagation, as compared to as-cast polymethyl methac- 
rylate. The x-ray diffraction halos obtained with the flat- 
film transmission technique were scanned circumferentially 
with a microphotometer. The preferred orientation thus 
detected was interpreted with the aid of Coumoulos’! analysis, 
as showing that hot-stretching tends to align the polymer 
chains with the stretching direction. A halo not recorded by 
Coumoulos, but reported by Robinson, et al.2 was found in 
these patterns. As calculated by the modified Bragg equation, 
this halo corresponds to a spacing of about 17A. The preferred 
orientation of this halo in the pattern of the hot-stretched 
material revealed the 17A spacing to be along the length of 
the chain. 


(London) A182, 166 (1943) 
Appl. Phys. 15, 343 (1944). 


tG. D. Coumoulos, Proc. Roy. Soc 
? Robinson, Ruggy, and Slantz, J 


M2. (Abstract withdrawn.) 


M3. Localized Energy States in Crystalline Alkali Chlo- 
rides.* C. F. Hempsreap ann L. G. Parrarr, Cornell Uni- 
versity. —The absorption fine structure in the vicinity of the 
K edge of chlorine in alkali chlorides has been carefully 
recorded, Correction by a new method has been made for the 
resolving power of the x-ray spectrometer. (The magnitude 
of the correction depends upon the absorber thickness.) The 
corrected structure is more complex than has been heretofore 
realized, The inner electron vacancy that results when the 
K-electron is photoejected causes a significant perturbation 
of the normal periodic potential in the neighborhood of the 
excited ion containing the vacancy. This ion of atomic number 
Z appears to a first approximation as an impurity atom of 
Z+1 in the solid. Consequent localized exciton-type energy 
states are invoked to explain the observed spectra. For KCI, 
the lowest absorption “‘line’’ (farthest below the conduction 
continuum) is at least a doublet with a separation of about 
0.8 ev and having a doublet peak intensity ratio of about 1 
to 3.3, A “reasonable” resolution of the observed contour into 
component absorption lines, each of Lorentzian shape, indi- 
cates in a range of about 6 ev at least six components for 
KCI and six for NaCl. The pattern of component lines or 
exciton-type states is markedly different for different chlorides. 


* Supported by the United States Air Force through the Office of Scien 
tific Research of the Air Research and Development Command 


M4. Direction Breakdown in Alkali Halide Crystals. M. E. 
Casrari, M. I. T.*--Room temperature experiments on 
NaCl and KBr under homogeneous and inhomogeneous field 
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conditions revealed the existence of three types of breakdown 
paths. These are anodic, cathodic, and homogeneous field 
paths. The formation of anodic paths was always initiated 
by prebreakdown discharges through the insulating medium 
surrounding the anode. Cathodic paths originated dirertly 
from the cathode when cathodic point-plane electrode systems 
were employed. Both anodic and cathodic paths were orien- 
tated with respect to the crystal structure; paths produced by 
homogeneous fields, however, followed the direction of the 
applied field. The temperature dependence of the anodic 
breakdown path directions in several alkali halide crystals 
was investigated from —160°C to 350°C under reproducible 
field conditions. In general, the results agree with those of 
Davisson.' In potassium and rubidium salts the temperature 
at which the path orientations changed from the [100] to 
the [110] direction could be determined to within +10°C. 
The mechanism of the formation of the various breakdown 
paths and the theoretical implications of the results will be 
discussed. 

” 


Sponsored by the Office of Naval Research, the Army Signal Corps, and 
the Air Force 
i 


J. W. Davisson, Phys. Rev. 70, 685 (1946). 


MS. Dislocation Line Energy and Slip in NaCl and AgCi 
Crystals.* Ross THomson, University of Illinois.—Calcula- 
tions of the elastic energy of dislocations in NaCl and AgCl 
have been made which include the effects due to the elastic 
anisotropy of the crystals. At low temperatures the calcula- 
tions give some evidence in NaCl for the choice of (110) 
slip planes over (100) slip planes. However, the calculations 
do not predict the large difference in the yield stress experi- 
mentally observed.' This result suggests that other mecha- 
nisms such as a differential pinning of edge dislocations in 
different slip planes are also important. At high temperatures 
the preference for (110) slip planes due to crystal anisotropy 
disappears, in agreement with suggestions by early experi- 
menters* that other slip planes become active at high tem- 
peratures. The calculations for AgCl do not predict any 
marked preference for (110) slip planes over (100) slip planes 
in agreement with the observed pencil glide in AgCl.* 

* Supported by the United States Air Force. 

1S. Dommerich, Z. Physik 90, 189 (1934). 

2. Schmid and W. Boas, Plasticity ./ Crystals (F. Hughes and Company, 


London, 1950). 
‘J. F. Nye, Proc, Roy. Soc. (London) 198, 190 (1949). 


M6. Model for the Room Temperature Bleaching of F 
Centers by F Light in X-Rayed NaCl.* Ropert HERMAN AND 
R. F. Waits, The Johns Hopkins University.—During the 
optical bleaching of F centers it is assumed that F center 
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electrons are elevated to the conduction band on absorption 
of F light leaving negative ion vacancies. Conduction electrons 
may be captured by holes and by negative ion vacancies. It 
is assumed that the cross sections for the latter two processes 
are equal and that the conduction electron concentration is 
small and stationary. During the bleaching process the non- 
uniformity of the local light intensity 7 produces gradients in 
the local F-center concentration n. Under the above conditions 
the equations specifying J and n reduce to dn/dt = —bIn* and 
01/dx = —yln, where b and yw are constants. These equations 
have been integrated numerically for the case of a uniform 
initial F-center distribution. The results are compared with 
quantitative measurements of the F-center concentration as 
a function of F-light irradiation time in x-rayed NaCl. It is 
found that the behavior of the model is consistent with experi- 
mental data for lightly x-rayed crystals in which no appre- 
ciable growth of M and R bands occurs during bleaching. In 
heavily x-rayed crystals in which appreciable growth of M 
and R bands occurs, deviations from the behavior of the 
model are observed 


* This work was supported by the Bureau of Ordnance, Department of 


the Navy 


M7. Slow Neutron Spectrometry --A New Tool for the 
Study of Energy Levels in Condensed Systems. B. N. Brock- 
HOUSE, Chalk River Laboratories.—It has long been realized 
that energy distributions of initially monoenergetic neutrons 
scattered by molecules or condensed systems would yield 
important information not otherwise easily accessible to 
experiment. With high reactor flux and suitable spectrometer 
design such measurements are Monoenergetic 
neutrons, selected from the NRX reactor spectrum by a 
crystal, are scattered by the specimen and the energy distribu- 
tion of the scattered neutrons is analyzed by another crystal. 
A survey of the field has been made and more detailed studies 
are in progress. The sharp division of incoherent scattering 
into elastic and inelastic components predicted by theory has 
been verified with vanadium. In liquid lead, light water, and 
heavy water a similar division into a com- 
ponent, and an inelastic component which increases with 
increasing angle, can be made. For coherent scattering the 
“elastic’’ component is associated with the peaks in the liquid 
diffraction pattern. In liquid lead the inelastic component is 
similar to that of the solid at about the same temperature and 
angle of scattering. Diffuse magnetic scattering, studied with 
MnO and Mn,O,, and with Cr.O; above and below its Néel 
temperature, is largely inelastic, the mean energy changes 


now feasible 


““quasi-elastic”’ 


being of the order of the Néel temperatures 


Invited Paper 


M8. Study of Energy Levels in Solids, Liquids, and Magnetic Materials by Scattered Slow Neu- 
trons. B. N. Brocknouse, Chalk River Laboratories. (30 min.) 





FRIDAY MorNING AT 10:15 


New Yorker, Panel Room 


(M. GoLpDHABER, presiding) 


Beta and Gamma Emitters, I 


MAI. The Decay of Cr*.t R. van Liesnour,* D. H. 
GREENBERG, AND C. S. Wu, Columbia University.—The 
nuclide Cr has been reported as a spallation product! decay- 
ing with a half-life of 1 day, presumably by electron capture 


only. However, gamma rays can be expected in view of the 
large spin difference between the two ground states involved. 
We have found gamma rays of 116 and 305 kev decaying with 
a 23-hr period over 6 half-lives. The characteristic gamma rays 
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of V* were shown to grow in at a rate compatible with this 
period. No positrons were found in the decay of Cr (<2 
percent). Further work employing coincidence techniques is in 
progress. Cr“ was produced by spallation of Ni with 380-Mev 
protons in the Nevis cyclotron. Ni was chosen as target to 
produce Cr* efficiently with respect to other Cr activities." 
The completeness of the chemical separations was evidenced 
by the absence of positron emitting impurities. 

+ Partially supported by the U. 8. Atomic Energy Commission. 

* On leave from the Institute for Nuclear Research, Amsterdam, The 
Netherlands. 


! Rudstam, Stevenson, and Folger, Phys. Rev. 87, 358 (1952). 
2. Belmont and J. M. Miller, Phys. Rev. 95, 1554 (1954). 


MAZ2. The Disintegration of Selenium-73. R. W. HAywarp 
AND D. D. Hoppers, National Bureau of Standards.—The 
radiations from the 7.1 hour selenium-73 activity have been 
investigated using magnetic lens, scintillation pulse height, 
and coincidence counting techniques. Two gamma rays of 
361- and 67-kev energy and of nearly equal intensity were 
observed to be in prompt coincidence with each other and in 
delayed coincidence with the annihilation radiation resulting 
from the positron decay. The reported! 860- and 1310-kev 
gamma rays appear to be less than 1 percent of the total 
intensity. Energy and intensity measurements of the positrons 
indicate that the main group (1.32 Mev, log ft=5.3) excites 
the gamma cascade, while a weaker group (1.68 mev, log ft 
e 8.4) excites the 67-kev transition only. These data coupled 
with internal conversion information lead to a level scheme in 
As® as follows: ground level, ps/2; 67-kev level, fr2; and 428- 
kev level, go/2, T12=6p sec. The positron decaying Se” is in 
a £o/2 state. 


IF, R. Scott, Phys. Rev. 84, 659 (1951). 


MA3. Decay and Fast Neutron Excitation of Zr”. E. C. 
CAMPBELL, R. W. Peevie, F. C. MAarenscHein, AND P. H. 
SteELSON, Oak Ridge National Laboratory.—Evidence is pre- 
sented for a new isomer in Zr® (N =50, Z =40) with a half-life 
of 0.83+0.03 sec and a gamma energy of 2.30+0.02 Mev. 
The isomer is found in pile neutron bombardment of electro- 
magnetically enriched (98.7 percent) Zr”. Gamma measure- 
ments were made with a Nal spectrometer and multichannel 
analyzer. The isomer was also produced by monoenergetic 
neutrons from the 7T(p,m) reaction. An electronic timer and 
an electrostatic proton beam deflector provided a repetitive 
cycle for short neutron bombardment and gamma counting. 
The yield curve exhibits a threshold at 2.3-Mev neutron 
energy. This is taken as evidence that the isomer is produced 
by inelastic neutron scattering, i.e., Zr” (n,n’)Zr®". The com- 
plicated structure of the yield curve, ‘which was measured 
up to 4.4 Mev, gives evidence on the existence of excited 
states of Zr® which feed the isomeric level. The energy and 
half-life are consistent with an E5 assignment for the isomeric 
transition. It is suggested that the 5-level might arise from the 
promotion of a pi/2 proton into a gg/2 state. 

MA4. The Decay of Ru’. H. H. Forster ann A. Rosen, 
University of Southern California.—The beta- and gamma-ray 
spectra of (42d) Ru" were investigated with a double thin 
lens beta-ray spectrometer of about 2 percent resolution, 
Source materials were obtained from Oak Ridge and Chalk 
River. An analysis of the beta spectrum showed two distinct 
beta groups with maximum energies of 680 and 205 kev and 
evidence of a third beta group of about 140 kev max energy, 
the possible existence of which has been suggested.’ Ganama 
lines, obtained through internal conversion and through the 
photoelectron spectrum of a 40 mg/cm* Pb radiator had en- 
ergies of 37.5, 307, 490, and 600 kev. Details of the spectrum 
will be presented and a possible decay scheme will be discussed. 


1 Cork, Le Blanc, Stumpf, and Nester, Phys. Rev. 86, 575 (1952). 


MAS. The Disintegration of 5.8-Day Sb'*®. C. L. McGinnis, 
National Bureau of Standards and National Research Council, 

The assignment of a six-day activity' to Sb™ has been con- 
firmed. The activity was produced by 15-Mev deuteron bom- 
bardment of enriched Sn'” and by 50-Mev bremsstrahlung 
bombardment of Sb. It decays by electron capture followed 
by a cascade of four y rays, 0.090, 0.200, 1.035, and 1.180-Mev. 
The conversion electron intensities are in the ratio 1770: 
1000 :10.4:7.8, respectively. The yy angular correlation for 
the 0.097 —0.20y is dipole-quadrupole of the 3, 2, 0 type, and 
quadrupole-quadrupole of the 4, 2, 0 type for the 0.207— 
(1.047 +1.18y) and the 1.04y—1.18y cascades. From these 
data it is inferred that the 0.0907 is El and the other three 
y's are E2. The 1.1807 was also observed in the decay of the 
16.6"Sb™. In this activity the ratio of the 1.180, to total 
B* was 0.03. 


1M. Lindner and I, Perlman, Phys. Rev. 23, 1124 (1948). 


MAO. Radiations of Sb'**.* B. Farreity, L. Korrts, R. 
VAN LiesHout, N. Benczer, anp C. S. Wu, Columbia Uni- 
versity.—The radiations of Sb'™ have been investigated and a 
decay scheme together with spin and parity assignments 
proposed. Analysis of the 8 spectrum revealed the presence 
of three different energy groups with end points 1.98 Mev, 
1.40 Mey, and 740 kev and relative intensities (29.4 :61.7:8.9), 
respectively. Four y radiations of energies 566 kev, 686 kev, 
1137 kev, and 1258 kev have been investigated with a single 
channel and a selective coincidence scintillation spectrometer. 
The 566 kev and 686 kev y lines are in cascade and the 
1258 kev y line is the cross over radiation. All three of them 
are on the 8~ branch. The 1137 kev y¥ line is associated with 
the K capture which is only a few percent of the total dis- 
integration. An accurate energy determination of these radia- 
tions and their K and L internal conversion coefficients were 
obtained from the external and internal conversion electron 
spectra. The ratio of 8*/8~ is less than 10. The shape of the 
spectra and the ft-values of the various groups are consistent 
with the spin and parity assignment of 2~ for the ground state 
of Sb™. 


* This work was partially supported by the U. S 
Commission. 


Atomic Energy 


MA7. The Radioactive Decay of 65 Hour Sb'**.* Micnae. 
J. GLauBMAN, Princeton Uniwwersity.—Sixty-five Sb™ was in- 
vestigated using Sb"! (97.7 percent-99.4 percent) bombarded 
with thermal neutrons for 70 hours. Spectrometer measure- 
ments show three beta groups with end-point energies: 1.987-, 
1.423-, and 0.734 Mev, and log ft values: 8.6 (log ft (w* — me*) 
=10.0, p?+¢@ shape), 7.6 (allowed shape), and 7.7, and four 
gamma rays with energies: 0.563-, 0.693-, 1.152-, and 1.256 
Mey, and intensities: 73 percent, 3.5 percent, 0.75 percent, 
and 0.8 percent. From gamma-gamma and beta-gamma 
coincidences the excited states of Te! were found at 0,563- 
and 1.256 Mev. X-gamma coincidences and x-ray critical 
absorption showed 2 percent and 0.75 percent K capture 
transitions to the ground state and to a 1.152-Mev level of 
Sn™, Annihilation radiation was not observed setting an 
upper limit of 0.005 percent for positrons. The directional 
correlation of the 0.693- and the 0.563-Mev gammas indicated 
a 2(L =2 9145 percent) 2 0 cascade. We conclude, therefore, 
that the ground state of Sb'™ is 2— (gio, hiss), the first two 
excited states of Te are 24-, and the first excited state of 
Sn’ may also be 2+. 


* Supported by the Office of Naval Research, the U. 8S. Atomic Energy 
Commission, and the Higgins Scientific Trust Fund, 


MAS. Radiations of I'”* L. Korrts, P. Mackuiin,t B. 
Farreviy, R. vAN Lieswout, anp C. S. Wu, Columbia Uni- 
versity.—The 8 and y radiations and the electron capture 
process of I have geen thoroughly investigated. The 6 
branch consists of three groups of maximum energies 1.25, 
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0,865, and 0.385 Mev. The relative intensities of these three 
8 groups are 1;3.1:0.03, respectively. The shape of the 
highest energy 6” group identifies the ground-to-ground tran- 
sition to be a unique first forbidden one of AJ =2, yes. The 
spectrum of the middle 6~ group as measured by the magnetic 
coincidence spectrometer has an allowed shape. The number 
of 6* emission is only 2.8 percent of that of the 8~ emission. 
Two groups of maximum energies 1.11 and 0.46 Mev were 
found with an intensity ratio of 3.5:1. The shape of the f° 
spectrum of the ground-to-ground transition is also the unique 
first forbidden type. The correlations among the various 
+ lines and x line and their relative intensities are determined 
by a selective coincidence scintillation spectrometer. In con- 
clusion, the spin and parity of the I’ ground state is definitely 
2~ and its decay scheme is in general agreement with that of 
Perlman and Welker.’ 

* This work partially supported by the U.S, Atomic Energy Commission 


+t Now at Miami University. 
1M. L. Perlman and J. P. Welker, Phys. Rev. 95, 133 (1954). 


MAQ. Coincidence Studies of the Disintegration of Pm'*' 
and Nd'*’7.t H. S. Hans,* BaspuLcat Sarar,t ann C. E. 
MANDEVILLE, Bartol Research Foundation,—Chemically pure 
Nd,O, was irradiated by slow neutrons on five successive 
occasions in the Brookhaven pile. The 27.5-hour Pm!" was 
found to emit gamma rays of 64, 100, 163, 177, 240, 275, 340, 
440, 650, and 700 kev. The 11-day Nd'”’ was shown to emit 
quanta of energies 92, 165, 280, 320, 410, 440, 530, and 690 
kev. The relative intensities of the various quantum radiations 
have been determined, and coincidence measurements have 
been performed to ascertain the various sequential relation- 
ships between pairs of gamma rays. Partial decay schemes of 
both radionuclides will be discussed. 

1 Assisted by the joint program of the Office of Naval Research and the 
U.S, Atomic Energy Commission. 

* Fulbright Fellow from The Muslim University of Aligarh, India 


t On leave of absence from Agra College, Agra, India; at present at 
the Nobel Institute for Physics, Stockholm, Sweden. 


MAI0. The Gamma-Gamma Directional Correlation in 
Er, J. S. Fraser ano J. C. D. Micron, Chalk River Labora- 
tories.—The directional correlation of the 1380- and 81-key 
gamma rays excited in the beta decay of 27-hr Ho! shows 
unambiguously that the spins of the 1460- and 81-kev levels of 
Er'® are 0 and 2, respectively. The observed directional 
correlation of the 1600- and 81-kev gamma rays is consistent 
with a spin of one or two for the 1680-kev level. The severe 
attenuation of the correlation produced by the large quad- 
rupole moment and relatively long lifetime of the 81-kev state 
has been partially removed in a source of Ho(NOs)3 maintained 
above the melting point. The results, corrected for angular 
resolution, are fitted by the distribution W(@)=1+ (0.137 


FRIDAY MORNING AT 


AND N 


+0.006) P2(cos8) + (0.5604-0.019)P4(cosé) yielding for the 
attenuation coefficients G,=0.384+0.011 and G,=0.490 
+0.017. The 1460-kev spin 0 level and the 81-kev spin 2 level 
may correspond to the 8-vibrational and first rotational levels 
respectively predicted by the strong coupling approximation of 
the Bohr-Mottelson' theory 


1A. Bohr and B. R. Mottelson, Dan. Mat. Fys. Medd. 27, No. 16 (1953) 


MAII1. Disintegration of 27-hr Ho’. R. L. Granam, J. L. 
Wo.trson, AND M. A. CLark, Chalk River Laboratories.—A 
magnetic spectrometer study of the 8-ray spectrum from 27- 
hr Ho! shows two main components with end-points of 
177147 and 185445 kev. The 1771 kev 8-ray spectrum was 
examined in coincidence with L conversion electrons of the 80 
kev y transition and was found to have a predominantly a 
shape. From the measured 80 conversion line intensities and 
known K conversion coefficient this 8 component has an in- 
tensity of 48+4 percent. Subtraction shows that the 1854 kev 
component has approximately allowed shape. The angular 
correlations between 780 and energetic 8 rays and between 
780 and 71380 have been compared to obtain the ratio of the 
g2A2P2(cos6) terms in the correlation 1 +¢2A+P2(cos@) +g,AaPs 
X (cos). Taking the y—7 cascade as 0—2—0 (see preceding 
abstract) the theoretical ratio for g.A+(8—~y)/g2A2(y—y) is 
1.37 or £0.68 for Ho! assignments of 0— or 1—, respec- 
tively. The observed ratio, 1.3740.17, together with the 
shapes of the 4 components indicate an assignment of 0— for 
Ho! (27 hr). 


MAI2. The Long-Lived Isomer of Ho’. J. C. D. Mitton, 
J. S. Fraser, anp G. M. Mitton. Chalk River Laboratories. 
\ holmium sample was highly purified by ion exchange 
methods both before and after a 5-week irradiation at a neu- 
tron flux of ~510"* cm™? sec™! in the N. R. X. reactor. A 
long-lived activity of about 1 ~C/mg was obtained which may 
be identified with the Ho! activity reported by Butement.! 
\ careful comparison of the low energy spectrum with that of 
the 27-hr activity indicated that the energies and relative 
intensities of the 80.2+0.5 key and 49-kev KX rays 
were identical in both isomers. In addition, y rays with ener- 
gies 18845, 283+10, 725420, and 845+20 kev were ob- 
served, Coincidence measurements showed that all five y rays 
were in cascade. No lifetime greater than 2X 10~™ sec was ob- 
served in 8 —¥y coincidence measurements. Assuming the three 
lowest energy y rays arise from rotational levels on the 
ground state, the first 3 excited states may then be fitted to 
the Bohr-Mottelson formula? F,;=A/(/+1)—BI*(/+1) 
where A = 13.6 kev, B =0.013 kev, /=0, 2, 4, 6 


y Tay 


ndon) A65, 254 (1952) 
Medd. 27, No. 16 (1953 


'F, D. S. Butement, Prac. Phys. Sox I 
*A. Bohr and B. Mottelson Dan. Mat. I 
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(L. B. Borst, presiding) 


General Nuclear Physics 


Ni. U L, X-Ray Transition from Separated Isotopes.* 
G. L. RoGcosa, Florida State University, anp W. F. Peep, Oak 
Ridge National Laboratory.—An experimental search for iso- 
tope shift in the x-ray levels of heavy elements has been con- 
tinued with the examination of the 2s, state of U. The LA, 
(Li Mi11) x-ray transition from separated isotopes of 
U™, U™ and U™* was measured, using a double crystal 
x-ray spectrometer, Special target pellets were fabricated and 
placed inside a demountable and continuously pumped x-ray 
tube. No evidence for an isotope shift, to within 1 ev, on the 


L; level was found in the measurement of the x-ray transition. 
[heory' now predicts an effect smaller than our detectable 
limit 


OMMIissix 


* Supported by the U. S. Atomic Energy ( Qn 
; 95, 1097 (1954 


1G. Igo and M. S. Wertheim, Phys. Rev 


N2. Effect of a Static Electric Field on Positronium Forma- 
tion.* S. Marper, W. Bennett, C. S. Wu, Columbia Univer- 
sity, AND V. W. HuGues, Columbia University and Yale 
University.—The effect of an rf electric field on the formation 
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of positronium was first reported by Deutsch and Brown in 
their Zeeman effect measurement.' The effect of a static 
electric field on the formation of positronium in the gases 
He, A, and SFs has been studied. The experimental arrange- 
ment consisted of a positron source (Cu™) in a cavity filled with 
the gas at a pressure of about 2 atmospheres. Both electric 
and magnetic fields could be applied. The energy spectrum of 
the annihilation radiation was observed with a Nal(TI) 
scintillation spectrometer. An analysis of this spectrum leads 
toa value for the fraction of positrons which form positronium. 
In He and A the fraction begins to increase at fields of about 
60 and 250 volts/cm respectively, and rises to a saturation 
value by fields of about 150 and 500 volts/cm. The fraction 
increased by a factor of about 1.5 in He and 2.5 in A. No effect 
of the electric field was observed in SF. The theory of the 
effect of the electric field on formation is discussed in the 
following abstract. 

* This work partially supported by the U.S. Atomic Energy Commission 


' Deutsch and Brown, Phys. Rev. 85, 1047 (1952); also M. Deutsch 
private communication on his observation of static field effect in A). 


N3. Theory of Effect of a Static Electric Field on Posi- 
tronium Formation.* W. B. Teurscu,t University of Penn- 
sylvania, AND V. W. HuGues, Yale U’niversity.—In the absence 
of an electric field those positrons which fail to form posi- 
tronium as they are slowed down in a gas to energies below the 
threshold energy for formation will thermalize and undergo 
what we call ‘‘free annihilation.”’ In the presence of an electric 
field EZ, these positrons will attain a velocity distribution which 
depends principally upon E, pressure, and @ejastic for slow 
positrons in the gas. The fraction of these positrons which form 
positronium can be computed from appropriate averages over 
the distribution, these averages involving the cross sections 
for formation of positronium and for free annihilation. The 
Cross SECTION Oelastic for S-wave positrons in He (much smaller 
than for electrons) has been computed by a variational proce- 
dure for several approximate potentials, and @ formation in He 
has been computed in the Born approximation. It is predicted 
that E will have no observable effect on formation until the 
mean energy of the distribution is ~ yy of the threshold energy 
and that formation will then increase rapidly with E to a 
saturation value, in agreement with the experimental data of 
the preceding abstract. 


* This research has been supported in part by the Office of Naval 


Research, 

t National Science Foundation predoctoral fellow. 

N4. Mass Spectrometric Search for Naturally Occurring 
Isotopes of Low Abundance. F. A. Wuire, T. L. CoLtins, 
snp F. M. Rourke, Knolls Atomic Power Laboratory.*—A 
two-stage magnetic mass analyzer' has been used to search for 
isotopes which occur in nature in very low abundance. This 
instrument minimizes the effect of small angle elastic scatter- 
ing of positive ions which, in many instances, limits the reso- 
lution of isotopes differing by only one mass unit, but having 
relative abundance ratios of 10‘ to 1 or greater. A new 
naturally occurring isotope, Ta-180, has been found and the 
la-180/Ta-181 ratio has been measured to be 0.000123 
+().000003. New upper limits for the percentage abundances of 
other isotopes of this element are: Ta-177, Ta-178, Ta-179, 
0.0003; Ta-182, Ta-183, 0.0002. In addition, tungsten and 
niobium have been investigated for new isotopes. None have 
been found, but the following new upper limits are: W-185, 
0.0002; W-187, 0.0001; Nb, ‘all other,”’ 0.0002. 


* Operated by the General Electric Company for the U. S. Atomik 
nergy Commission 
'F, A. White and T. L. Collins, Appl. Spectroscopy 8, 17 (1954); 


November (1954) 


NS. Nuclear Orbital Assignments for Ta'™. |’. F. Zweiret, 
Knolls Atomic Power Laboratory.*—Assuming natural tanta- 
lum contained ~50 percent Ta'™ at the origin of the earth 
(t=0), the recently measured! isotopic abundance of Ta'™ 
yields a beta-decay half life of >3X10* years. The beta 
energy, obtained from Stehn's nuclear mass parabolas* for 
isobars, is 0.6 Mev [to the (2,+) first excited state of W'*]. 
This half life and energy lead to a log ft value of 17.4, which is 
associated with a third-forbidden decay, meaning the ground 
state of Ta' should be a (5,—) or (6,—) state. On this basis 
the probable orbital assignments for the ground state appear 
to be Z = gy 2, N=fs/2. The eight-hour excited state of Ta'™ will 
be discussed also. It is hoped that experimental work on other 
quasi-stable odd-odd nuclei will lead to more information 
concerning nuclear orbital assignments. The spin assignments 
are not sensitive to changes in the assumed isotopic abun- 
dances at t=0; the limits for a third-forbidden decay of this 
energy are approximately 210" years <7\).<2 X10" years. 

* Operated tor the U. S 
Electric Company. 


' See preceding abstract 
* J. R, Stehn, Phys. Rev. 93, 932 (1954) 


Atomic Energy Commission by the General 


N6. Magnetic and Electric Deflection Spectrometry of 
Neutrino Recoils in Argon-37. Axruur H. SNELL AND FRANCES 
PLEASONTON, Oak Ridge National Laboratory,-—Chlorine-37 
ions which recoil as the result of neutrino emission in the 
electron capture transformation of argon-37 emerge in a 
collimated beam from a field-free volume. The energies, 
momenta, and e/m values of the recoils are studied by electric 
and magnetic deflection, followed by post-deflection acceler- 
ation through 5 kv and registration with an electron multiplier. 
Auger electron emission leaves the ions charged, the doubly 
and quadruply charged states being about half as abundant 
as the triply charged state. The singly charged state is weakly 
represented, and the quintuply charged state has not yet been 
sought. The recoil energy of the ions is 9.6+4-0.5 ev, in agree- 
ment with that to be expected from the emission of a neutrino 
of the known transition energy 816 kev. Instrumental resolu- 
tion is small compared with the natural widths of the lines. 
The observed line widths are in agreement with predictions 
based upon thermal motion and recoil from Auger electron 
emission. 


N7. Apparent Importance of (7/2)* in the Representation 
of Nuclear Masses as Multiples of the Electron Mass. Nos 
1. Wirmer, University of Pennsylvania.—The mass of any 
nucleus in any state may be represented by Mm, where m 
is the rest mass of the electron, Many M— values appear 
to be integers and the writer' has surmised that M is in gen- 
eral a certain type of rational number. This work gave 
m =0).000 548 770 285 9 amu. The writer! has also pointed out 
that the M— values for the lightest nuclei in the ground 
state are given to a very high degree of accuracy by an 
approximate formula, of which the main term is (7/2)* A, 
where A is the number of nucleons in the nucleus. In abbre- 
viated form this formula may be written as M = (7/2)* A —B. 
The values of B for the ground states of U™ and U™ are 
respectively 3673.35 and 3682.51. Since 2(7/2)* lies between 
these two values we conclude that B< 2(7/2)* for all stable 
nuclei. It also seems probable that B<18A with Ni® at the 
upper limit. A regularity in certain excited nuclear energy 
levels is noted. The apparent importance of (7/2)® indicated 
here may be related to the three dimensionality of space, since 
7/2=3+4. 

' BE. E. Witmer, Phys. Rev. 95, 667 (1954); 95, 610 (1954) 


Invited Papers 
N8. A Focusing Atomic-Beam Apparatus. D. R. HamiLton, Princeton University. (30 min.) 


N9. Spins and Moments of Radioactive Nuclei. V. W. Conen, Brookhaven. (30 min.) 
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FRIDAY MORNING AT 10:15 


McAlpin, Red Room 


(S. Borow!17z, presiding) 


General Theory 


OA1. Emission of Negative-Energy Gravitons by Matter. 
F, J. Bevineante, Purdue University.—Will the lack of posi- 
tive definiteness of the gravitational energy density 7,” 
make matter raise its energy by emission of negative-energy 
gravity radiation? We postulate absence of “incident’’ 
gravitons,’ Classically this means that all gravitational fields 
are retarded fields, Double stars are most effective gravity 
radiators. Their gravitational radiation can be calculated 
classically. In the ‘‘wave zone" (field «r~'), the outward 
radial component of the energy flux equals c7’.”. Superimposed 
on positive definite terms in 7,” are much larger oscillating 
terms causing regions of negative energy density. If, however, 
at a fixed time t, at a fixed distance r from the double star and 
fixed angle 6 with z-axis perpendicular to its orbital plane, 
these oscillating terms are integrated over g around this z-axis 
they average zero. Therefore, due to the positive definite 
terms, there is at all times a slight excess of emission of posi- 
tive-energy over negative-energy gravitons. Thus, fears for 
radiative energy gain by matter seem ungrounded. In fact, 
e.g., Capella would lose half its orbital energy in 9.2 10'* 
years, 

1 J. C. Swihart and F, J. Belinfante, Phys. Rev. 95, 630 (1954). 


OA2. A New Approximation Method for the Gravitational 
Field Equations. J. N. GoLpBerG, Armour Research Founda- 
tion.—For certain applications (e.g., radiation) it is desirable 
to drop the restriction to small velocities which is essential to 
the approximation method developed by Einstein, Infeld, and 
Hoffmann.' Since the radius of the Schwarzchild singularity is 
much smaller than the radius of all known bodies, the gravi- 
tational potentials may be expanded in terms of the ratio of the 
Schwarzchild radius to the interparticle distance. With the 
coordinate conditions yy,,=9, in each order the field equa- 
tions are inhomogeneous wave equations, with known right- 
hand side. From the Bianchi identities and the relationship 
between the field equations and the super-potentials for the 
strong conservation laws*? one can show that the four-dimen- 
sional ordinary divergence of the inhomogeneous terms 
vanishes, Therefore, in principle the solutions of the field 
equations consistent with the coordinate conditions may be 
written down explicitly. Furthermore, the surface integrals 
corresponding to those used by EIH may be shown to be 
empty. Hence, differential equations of motion cannot be 
obtained by this approximations method. The integrated 
equations of motion may be obtained by examining the 
singularities of the field. 


! Einstein, Infeld, an’ Hoffmann, Ann. of Math. 39, 66 (1938). 
2J. N. Goldberg, Phys. Rev, 89, 263 (1953). 


OA3. On the Possible Convergence of the Mass Renormal- 
ization. T. A. Wetton, Oak Ridge National Laboratory. 
The question of the possible convergence of the formally in- 
finite mass renormalization has been attacked as follows. 
First, it is shown that quantum electrodynamics (at least for 
all processes not involving closed loops) is completely equiva- 
lent to the wave mechanics of a particle moving in a space of 
four equivalent dimensions, subject to the action of a classical 


force field, with random phases but known power spectrum. 
The analysis of the behavior of this system can then be carried 
through in considerably simplified form. It is shown that per- 
turbation theory is inadequate for the calculation of the mass 
correction, and that the appropriate dimensionless expansion 
parameter is not a, but rather the usual fractional mass 
correction with definite upper cutoff. The perturbation series 
must certainly fail if this parameter is infinite, and apparently 
the radius of convergence is roughly unity. A numerical, non- 
perturbation analysis of the simplified problem is being per- 
formed. Preliminary results have been obtained for a very 
much idealized problem, which, however, contains the 
essential features of the real problem. It is found that the mass 
correction actually approaches a finite limit as the perturba- 
tion value diverges. Similar arguments fail completely for the 
infinite charge renormalization 


OA4. Transformations in Phase Space and Dirac Brackets.* 
Peter G. BERGMANN AND IRWIN GOLDBERG, Syracuse Uni- 
versity.—A set of constraints, constants of the motion, will 
restrict the physically meaningful portions of a classical phase 
space to a hypersurface in such widely diversified cases as when 
the original Lagrangian is invariant under a transformation 
group depending on arbitrary functions or when the Lagran- 
gian is linear in the time derivatives. We have studied the group 
of transformations in phase space that maintain the Hamil- 
tonian form of the equations of motion and which maintain 
the exact form of the constraints. This group may be character- 
ized without recourse to Dirac's separation into first-class and 
second-class constraints. However, if there are any first-class 
constraints, then the group of transformations contains an 
invariant subgroup, those transformations having a vanishing 
generator. The factor group of this subgroup has a one-to-one 
relationship to the “permissible’’ generators, and the group- 
theoretical commutators are generated by the (generalized) 
Dirac brackets. The quantized theory will have to deal only 
with the permissible observables. Commutators with all con- 
straints vanish outright. 


* Supported by Office of Naval Research 


OAS. Spin Models. Davip FINKELSTEIN, Stevens Institute 
of Technology and New York University. —Covariant models are 
presented for particles or systems in which integer or half- 
integer intrinsic spin results from an actual rotation. The 
models are restricted to be rigid in a definite sense, and with 
the requirement of covariance this considerably limits the 
possible kinematic structures. Some of the possibilities are 
similar to covariant models which have already been investi- 
gated (Yukawa, Bopp, Pias, et al.) but others appear to be new. 
In all cases the wave-function is scalar and the spin-states, of 
course, result from decomposition into ‘internal’ spherical 
harmonics. Each model possesses a spin-mass spectrum, but 
half-integer With each 


kinematic structure is associated a simplest possible Lagran- 


only some models exhibit spins 


gian, and several are presented with their spectra. Since inter- 
actions are not included a comparison with nature would be 
premature. Quantization of the free fields is complicated by the 
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fact that one particle may possess both half-integer and 
integer spins. 


OA6. A New Interpretation of the Dirac Equation. RaLru 
SCHILLER, Stevens Institute of Technology.—In recent publi- 
cations by different authors, various new interpretations have 
been given the Schrédinger and Pauli equations. These inter- 
pretations differ from the usual one accorded these equations 
in quantum nechanics in that the existence of a continuous 
particle trajectory is assumed, and the uncertainties associated 
with these trajectories are attributed to some background 
field or fluid. We try to extend this point of view to the Dirac 
equation, and we show that the Dirac equation may be inter- 
preted as.a special kind of fluid of spinning bodies. The elec- 
trons can be considered as vortex singularities of this fluid. The 
equations of motion which the electrons satisfy are similar to 
the equations of motion of a spinning charge which were pro- 
posed by Frenkel in 1926 in the early days of quantum 
mechanics. The several respects in which our equations 
differ from his will be discussed. 


OA7. On the Foundation of a Wave-Mechanical Theory of 
the Electron. WaLrer GLaser, Farrand Optical Company, Inc. 

A new covariant formulation of a theory of electrons is 
given. It is a natural generalization of the Maxwell Lorentz 
theory with the basic hypothesis that the vacuum supports a 
magnetization as well as a magnetic field strength. The mag- 
netization in the vacuum and a corresponding electric polari- 
zation are so determined that they do not become apparent in 
the macroscopic Lorentz equations of motion. This is the very 
root of the electron spin. On this basis the electron exhibits 
finite self-energy and a definite ‘electron radius."’ Further, 
the electron possesses a magnetic moment and angular mo- 
mentum which are proportional with their ratio given by the 
“anomalous” factor e/m.c characteristic of the electron spin. 
The theory yields a small additional magnetic moment of the 
electron equal to the product of the electron charge and the 
electron radius, or of the Bohr magneton and fine structure 
constant. The relation to the Dirac wave equation is pointed 
out 


OA8. A Connection Between Recent Theories of Bohm, 
De Broglie, Dirac, and Schrédinger. Hans Freistapr, 
Newark College of Engineering.—Utilizing a connection, 
pointed out by Schrédinger,' between the so-called Klein- 
Gordon equation and Dirac’s new theory of electrons,’ one 
obtains the causal interpretation of quantum mechanics 
proposed by Bohm® and De Broglie‘ as a slight generalization 
of Dirac's new theory. The formulation thus obtained is of 
simpler axiomatic structure than the formulation of Bohm and 
De Broglie; in particular, the Hamilton-Jacobi action function 
S is not introduced explicitly into the axioms, but appears 
naturally, as in Dirac's new theory. The treatment is,confined 
to particles obeying the Klein-Gordon equation. 

! FE. Schrédinger, Nature 169, 538 (1952). 

?P. A. M. Dirac, Proc. Roy. Soc. (London) A209, 291 (1951). 

*D. Bohm, Phys. Rev. 85, 166, 180 (1952). 


*L. de Broglie and J.-P. Vigier, La Physique Quantique Restera-t-elle 
Indeterministe? (Gauthier-Villars, Paris, 1953). 


OA9. Lagrangians Linear in the “Velocities.”"* Ezra New- 
MAN AND Perer G. BERGMANN, Syracuse University. 
Lagrangians linear in the first time derivatives are of sufficient 
importance in physics (particle fields, general relativity in the 
Palatini formulation, Einstein-Strauss type unified field 
theory, etc.) to warrant special consideration. Our treatment is 
patterned after Dirac's' more general exploration of Lagran- 
gians leading to algebraic relations between the canonical 


variables. In our case the number of such constraints is at 
least as large as the number of configuration coordinates. The 
secondary constraints are free of canonical momentum den- 
sities. We have examined all the possibilities that may arise, 

‘incompatibility of the field equations, proper Cauchy- 
Kowalewski problems, and the appearance of arbitrary func- 
tions in the solutions. Quantization schemes for the com- 
patible cases will be described. 


* Supported by Office of Naval Research. 
'Can. J. Math, 2, 129 (1950); 3, 1 (1951). 


OAI10. (Abstract withdrawn.) 


OA11. Force-—Its Nature, Structure, and Generation (Cre- 
ation) (As Disclosed by fxt=m). Lucien V, ALexts, Sr., 
School of Post Modern Science.—To AB, an opened or closed 
curve as a static or dynamic space-time event, this paper 
applies ({Xt=m) revised, and extracts the separate mathe- 
matical expressions for the curve in pure space and in pure 
time, Obtaining thereby 0 and 1 as the limits of the form and 
content of the ultimate unit of each of the two continua, we 
identify time, the substance, as force, the substance, in in- 
verse action; it identifies both units as units of duration, the 
physical ultimate. From the symbol for physical form and 
content, thus obtained, of duration, the paper then separates 
the general mathematical symbol for form alone and, using 
the symbol, arrives at the structure, nature, and generation 
(creation) of force. 


OA12. Simple, Empirical Mass Spectrum of Fundamental 
Particles. Leo Baner, Naval Material Laboratory (introduced 
by H. Korbel).—-There are two series (9,4) which express the 
empirical mass values of fundamental particles: 


4 3 
m,;=276n=n X 2), mi;= 4S, Lt 2") 
ie | it | 


(m=1,2,3---), (S,=(14+2+-+-m)*), (m,=1) 


where x =2'. 


Replacing the mass factor 276 by 272 for P and a, the only 
stable particles of this group, one obtains masses 276, 552, 
828, 1104, 1380 and 207, 1836, 7344, in good agreement with 
observed values; they are particularly close where accurate 
measurements are available, Two additional masses, obtained 
by simple combinations of the values listed (21104 and 
2(276+-207)) also show good agreement with observed values. 
Another mass obtained from a similar combination, gives 
1242 which approximates a recently reported particle. The 
accuracy of all calculated values can be determined as soon 
as more accurate mass values are available. A relationship 
between the fine structure constant and the mass spectrum 
seems to be present.' The reason for the presence of the five 
smallest integers in the above series is thought to be connected 
with the geometry of the particle configuration. 


'Y. Nambu, Progr. Theoret. Phys. (Japan), 17, 595 (1952), The author 
assumes the sole responsibility for the above statements. 
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P AND Q 


FRIDAY AFTERNOON AT 2:00 


Manhattan Center, Promenade Ballroom 


(R. T. BirGE AND M. W. Wuite, presiding) 


Joint Ceremonial Session of the APS and the AAPT 
Retiring Presidential Address of the American Physical Society 


Pi. Pi-Mesons and Nucleons. H. A. Berue, Cornell University. 


Presentation of the Oersted Medal of the AAPT 
Response of the Oersted Medallist 
P2. Physics Is an Art. V. E. Eaton, Wesleyan University. 


Thirteenth Richtmyer Memorial Lecture of the AAPT 
P3. On the Development of the Compound-Nucleus Model. FE. P. WiGner, Princeton University 





FRIDAY EVENING AT 7:00 


Grand Ballroom, Hotel New Yorker 


(H. A. BETHE AND M. W. Wuite, presiding) 


Banquet of the American Physical Society and the AAPT 
After-dinner speakers: H. D, Smyth and G. E., Bell. 
Presentation of the third Oliver E. Buckley Solid-State Physics Prize to LeRoy Apker. 





SATURDAY MorNING AT 9:30 


Manhattan Center, Masonic Room 


(W. C. DuNLap, presiding) 


Semiconductors, I 


Ql. Short-Time Polarization in Thorium Oxide.* W. EF. 
DanrortH, Bartol Research Foundation.—When a continuous 
current of several microamperes per square centimeter is 
passed through a single crystal of oxygen-poor thorium oxide 
in vacuum, the potential difference across the crystal rises 
abruptly at first and then continues to increase in time. 
Observations between 900°C and 1300°C show that, imme- 
diately after the initial rise, the rate of rise of polarization is so 
rapid as to require oscillographic examination, The time 
required for final equilibrium to be established is, however, 
several hours. Measurements of the initial rise have been made 
as a function of temperature. Values of resistivity vary from 
5700 ohm-cm at 900°C to 400 ohm-cm at 1280°C, The plot of 
logo vs 1/T is linear and yields an activation energy (u) of 
2.2 ev assuming the form loge =u/2k7. Ultraviolet absorption 
spectra of low-oxygen thoria show a maximum at 3.0 ev. The 
observed conductivities result from the motion of ions as well 
as electrons. If, as appears probable, the electronic conduc- 


tivity predominates, the activation energy and the absorption 
peak may be related to the same band of donor centers. 


* Assisted by the U 
Ordnance Research 


S. Navy, Bureau of Ships, and by the Office of 


Q2. Lattice Defects in Silicon. SUMNER MAYBURG, Sylvania 
Electric Products, Inc.—Heat treatment studies on silicon near 
the melting point have produced no reversible changes in room 
temperature resistivity which can be ascribed to an equilib- 
rium solubility of vacancies or interstitials in the silicon. 
Certain irreversible changes in room temperature resistivity 
produced by the heat treatment can be explained by assuming 
that interstitial silicon is introduced into the crystal during 
the growing process and can be diffused out of the crystal only 
by heating the specimen for long periods of time. The pres- 
ence of frozen-in interstitials and the lack of Frenkel defects 
in silicon is correlated with the lack of frozen-in interstitials 
and the presence of Frenkel defects! in germanium. This corre- 
lation arises because the time for the diffusion of a non- 
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equilibrium concentration of interstitials out of a crystal 
which has no Frenkel defects is to the time needed when an 
appreciable equilibrium number of Frenkel defects is present 
as rta*/L*f where a is the average jump distance for an inter- 
stitial, ZL is the smallest crystal dimension, and f is the ratio of 
Frenkel defects to the number of atoms in the crystal. For 
germanium, the extra interstitials can diffuse out 10° times 
faster than indicated by the normal diffusion time. 

'S. Mayburg, Phys. Rev. 95, 38 (1954) 

Q3. Theory of the Energy Levels of Donor Electrons in 
Silicon.* W. Koun, Department of Physics, Carnegie Institute 
of Technology AND J. M. LutrinGer, University of Michigan.— 
Conduction electrons in Si are described by two different 
effective mass values.! We have obtained approximate solu- 
tions of the resulting “effective mass'’ Schroedinger equation 
for a number of low-lying states. The solutions could be 
checked in the limits where the mass ratio is 1 and @, re- 
spectively. We have also ascertained those linear combinations 
of degenerate solutions which are appropriate to the tetra- 
hedral symmetry about the donor atom. Oscillator strengths 
for a number of optical transitions from the ground state have 
been estimated. Finally, empirical information about ground- 
state energies and hyperfine structure of electrons in donor 
states was used to estimate the deviations from the effective 
mass theory. For some states these deviations should be small 
and correlations between a number of absorption lines, asso- 
ciated with different impurity atoms, are predicted. 

* This work was begun while the authors were summer visitors at the 


Bell Telephone Laboratories. 
! Dexter, Lax, Kip, and Dresselhaus, Phys. Rev 


96, 222 (1954) 

Q4. Impurity Band Conduction in Germanium and Silicon. 
E. M. Conwe.t, Sylvania Electric Products, Inc.-—-Germanium 
and silicon samples of high impurity content are characterized 
by maxima in the curves of Hall constant R vs temperature T. 
Chis has been attributed by Hung! to conduction in impurity 
states. In the present study it is also observed for highly im- 
pure samples that: (1) In the degenerate region, characterized 
by Rand ¢ independent of temperature, the mobility increases 
with impurity concentration; (2) Before the onset of degener- 
acy the slope of mobility os T may be much steeper than can be 
accounted for by the known scattering processes. These 
features are also explainable on the basis of conduction in 
impurity states. Estimates are made of the lowest concentra- 
tions for which overlapping of impurities should be adequate 
to give impurity band conduction. In the case of n-type 
germanium this estimate is considerably higher than the 
lowest concentration for which the effect was reported by 
Hung and Gliessman.? 


C. S. Hung, Phys. Rev. 79, 727 (1950) 
C. S. Hung and J. R. Gliessman, Phys. Rev. 79, 


726 (1950). 

Q5. Optical and Impact Recombination in Impurity Photo- 
conductivity in Germanium and Silicon. N. ScLAR AND E. 
BurRSTeEIN, United States Naval Research Laboratory.—The 
impact (three body) recombination and optical recombination 
coefficients have been calculated for hydrogen-like impurity 
centers in extrinsic germanium and silicon. These coefficients 
have been compared with the phonon recombination coeffi- 
cient calculated by Gummel and Lax’ for a similar model. For 
the temperature range of interest, it is found that the optical 
coefficient is smaller than the phonon coefficient by a factor of 
approximately 10* and 10‘ in germanium and silicon, respec- 
tively. The impact recombination coefficient, however, may be 
comparable with the phonon coefficient at 4.2°K in the pres- 
ence of background radiation and definitely exceeds it above 
certain temperatures even in the dark. These temperatures 
are approximately 6°K and 30°K for germanium and silicon. 
Under these conditions, the time constant for impurity photo- 


conductivity 
coefficient. 
' Gummel and Lax, Phys. Rev. 


is determined by the impact recombination 


(to be published). 


Qo. Germanium Surface Conductivity and the Effects of 
Water Vapor. Enwarp N. CLarke, Sylvania Electric Products, 
Inc.-—It has recently been shown' that the effect of water 
vapor on a freshly etched germanium surface is to produce 
ionic conduction in a thin surface film of water. This conduct- 
ance is much smaller than the effect usually associated with 
water vapor on germanium. It has also been suggested* that a 
surface oxide is required for the much larger “channel” effect 
of water. The results to be presented show that the surface 
oxide can be altered in such a way as to reduce greatly the 
effect of water vapor on surface conductivity. Evidence will 
be presented for the interpretation that (1) the large ‘‘channel”’ 
effect of water vapor is to be associated with the presence on 
the surface of the water soluble form of GeO, (amorphous or 
hexagonal), and (2) that if the water soluble form of GeO, is 
converted to the insoluble form (tetragonal) the “channel” 
effect is much reduced. 

‘J. r. Law, Proc. Inst. Radio Engrs. 42, 1367 (1954), 


° A. McWhorter and R, H. Kingston, Proc, Inet 
1376 ieee). 


Radio Engrs, 42, 

Q7. Ultraviolet Light Induced Surface Channel and Carrier 
Lifetime Effects in Germenium. H. Curistensen, Bell Tele- 
phone Laboratories.—Surlace conduction channels! and minor- 
ity carrier lifetime effects have been produced by ultraviolet 
irradiation of a reverse biased n — p junction bar of germanium 
in suitable gaseous ambients. These effects have been studied 
by the chopped light spot method.? A channel forms on the 
p-type conductivity side in a vacuum of 10° * mm when the bar 
is irradiated with 2537-angstrom mercury light. This channel 
formation is ascribed to excitation of surface atoms which 
tend to act as electron donors when the reverse bias field is 
applied. A channel on the n-type conductivity side forms when 
the gaseous ambient is a mixture of mercury vapor at about 
0.001 mm and N, at atmospheric pressure and the surface is 
irradiated by 2537-angstrom light. This channel is ascribed to 
the formation of metastable Hg(*?,4) atoms at the surface 
which tend to act as electron acceptors when the reverse bias 
field is applied. When the uv light is incident upon the ambient 
gas mixture and shielded from the bar, a drastic increase of 
surface recombination rate is noted. 


'W. L. Brown, Phys. Rev, 91, 518 (1953). 
*H. Christensen, Phys. Rev, 96, 827(A) (1954) 


Q8. Electrical Breakdown in Germanium at Low Tempera- 
tures.* F. J. Darne wt anv S, A. FriepperG, Carnegie Insti- 
tute of Technology.—Electrical breakdown'™ has been studied 
in single crystal and polycrystalline germanium of varying im- 
purity concentration (m and p type) between 0.15°K and 20°K 
by a de method. Down to 4°K, the values of the critical 
electric field required for breakdown, E,, agree with those al- 
ready reported. At the lowest temperature, EZ, is relatively 
independent of temperature. Hall coefficients have been meas- 
ured with specimens in the prebreakdown and breakdown 
conditions. The carrier concentration is observed to increase 
upon breakdown in roughly the same ratio as the current 
density, as expected for carrier multiplication by impact 
ionization.4* A small mobility change could account for the 
discrepancy in these ratios. The transverse magnetic field is 
observed to suppress breakdown and from the ratio E, 
x (H=H)/EA(H =O) reasonable relaxation times may be 
estimated, 

* Supported in part by the Office of Naval Research and the National 
Science Foundation. 

' Eetermann, Foner, and yr wy ee Rey 


* A. W. Gerritsan, Physica 15, 427 


*Sclar, Burstein, Turner, and Davisson, Phys. Kev. 91, 215 (1954); 92, 
858 (19534) 


‘ Ryder, Rows, and Kleinman, Phys. Rev. 95, 1442 (1954) 


75, 1631 (1949) 
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Q9." Effect of lon-Bombardment Cleaning of Germanium 
on Point Contact Rectification.* K. B. ALLEN anp H. E. 
Farnswortn, Brown University.—The apparatus, described 
previously,’ allows the cleaning of contact surfaces by vacuum 
techniques and measurement in vacuo of the diode character- 
istics of a tungsten and a columbium cat whisker against the 
same crystal of germanium, Prolonged vacuum heating of the 
germanium at 800°C followed by annealing yields a slight 
difference in activation potential between the tungsten-ger- 
manium diode and the columbium-germanium diode. The 
activation potential is computed from the temperature de- 
pendence of the low level diode resistance.? lon bombardment 
is now being used to clean the germanium surface.’ Prelimi- 
nary results indicate that ion bombardment lowers both the 
forward and reverse current for low applied potentials. Sub- 
sequent annealing restores the forward characteristic to a 
greater extent than the reverse characteristic. Hence, the 
net result of ion bombardment, followed by annealing, is an 
improvement of the rectification ratio. 


. og ay by the International Business Machines Corporation. 
Allen and H. FE. Farnsworth, New England Section, Am. Phys. 
Soe age + ol yee 
FE, Meyerhof, Phys. Rev. 71, 727 (1947). 
pa Farnsworth, Schlier, and Burger, Bull. Am. Phys, Soc, 29, No. 7, 35 
19. 


Q10. Forward Characteristic of a Point Contact Rectifier.* 
Kurt Lenovec, ALMA Marcus, AND Kurt SCHOENI, Sprague 
Electric Company.—When a forward current flows through a 
rectifier, formed by a semiconductor and a metal point 
contact, a large number of minority carriers are injected into 
the semiconductor. The concentration of injected minority 
carriers decreases with the distance from the metal semicon- 
ductor boundary (1) because of spreading of the current, and 
(2) because of the finite lifetime of the injected minority 
carriers, The current-voltage characteristic in the forward 
direction has been calculated, neglecting the effects of recom- 
bination. The calculations are an extension of those of Ban- 
bury! to cases where the injection factor (ratio of minority 
carrier current to total current) differs from unity. The 
dependence of the injection factor on current magnitude has 
been investigated. For relatively large currents, the injection 
factor approaches the value (1+5)~'!, where b is the ratio of 
majority-to-minority carrier mobility. This may be one of the 
factors causing the observed decrease in current amplifica- 
tion factor in point contact transistors at high emitter currents. 


° wert supported by contract with the U. S. Army Signal Corps. 
‘Pp. C, Banbury, Proc, Phys. Soc. (London) B66, 833 (1953). 


Q11. Adsorption of Hydrogen and Oxygen on Germanium.* 
R. M. Burcer, H. E. Farnswortn, anv R. E. SCHLirR, 
Brown University.—Adsorption of hydrogen and oxygen has 
been observed on the (100) face of a Ge crystal using the low- 
energy (below 250 ev) electron diffraction technique. The 
crystal was outgassed up to 750°C by prolonged heating in a 
high vacuum and the surface was cleaned by argon ion bom- 
bardment.'! The diffraction pattern obtained in the two 
principal azimuths after annealing the surface was observed 
before and after exposure to hydrogen and oxygen at pressures 
up to 1 mm. Where both even and odd order diffraction beams 
were observed at about the same wavelength, the intensity of 
the odd surface order beams decreased relative to the intensity 
of the even order beams in both azimuths after adsorption of 
either gas at the lower pressures. This indicates that both 
gases adsorb interstitially in the surface plane of atoms of Ge 
along the (001) face diagonals. At the higher pressures the 
diffraction pattern indicates the formation of an amorphous 
layer of gas on the surface, for both gases. The diffraction 
pattern from the Ge lattice was present after exposure to 
oxygen and hydrogen at the above maximum pressures. 


However, the intensity of the pattern after exposure to oxygen 
was less than that after exposure to hydrogen. 
° Assisted by a Joint Service's Contract with the Massachusetts Institute 
of Technology, and a subcontract with Brown University. 
29, No. 7, 35 


' Farnsworth, Schlier, and Burger, Bull. Am. Phys. Soc 
(1954). 


Q12. Adsorption of Oxygen and Nitrogen by Titanium.* 
T. H. Georce, H..E. FaArnswortu, anp R. E. ScCHLIER, 
Brown University.—Adsorption of oxygen and nitrogen on the 
(0001) face of a Ti single crystal has been measured by the 
low-energy (below 250 ev) electron diffraction technique. The 
crystal was outgassed for many hours at 750°C and then 
cleaned by argon ion bombardment.! After annealing the 
diffraction pattern of the Ti structure was observed. Ad- 
sorption was allowed to take place in ten-minute intervals at 
several pressures. The surface was cleaned immediately 
preceding each exposure. Oxygen at 2X 10™* mm Hg and nitro- 
gen at 10° mm Hg showed no observable adsorption. Oxygen 
was adsorbed at 5K 10~’ mm Hg, and nitrogen at 10-? mm Hg. 
Subsequent exposures at pressures of 10-' mm Hg for oxygen 
and 10°! mm Hg for nitrogen produced no appreciable change. 
Both gases are adsorbed in a monolayer having hexagonal 
structure with the same spacing as that of a (0001) Ti plane. 
However, the between the Ti surface and the 
adsorbed monolayers are not the same, and also differ from 
the distance between two adjacent (0001) Ti planes. 


distances 


* Assisted by Office of Ordnance Research, U. S. Army 
!Schlier, Farnsworth, and George, Bull. Am. Phys. Soc 
(1954 


29, No. 7, 35 


Q13. Study of Electrical Characteristics of Grain Bound- 
aries. H. F. Matare, H. Kepespy, A. MACDONALD, AND A. 
PETERSEN, Signal Corps Engineering Laboratory.—The 
different forms of crystal imperfections of the “grain-bound- 
ary type” give rise to interesting electrical properties. Three- 
probe measurements have been started on Ge and Si crystals 
in coordination with x-ray diffraction studies. Electrical and 
structural measurements were made on boundaries of poly- 
crystalline material and on materials obtained by the double- 
seed method,* While ideal twinning seems to have no bearing 
on the fundamental electronic constant, disturbed interfaces 
with locked lattice points in the boundary zone have specific 
characteristics (gate effect measurements). 
While in one case the boundary stress field might set as po- 
tential-energy source with a high trap density and correspond- 
ing multiplication effect,! another type reveals pentode-like 


in three-probe 


saturation characteristics when the boundary stress field is 
Electrical characteristics show corre- 


behaivor. 


subject to polarization. 
lation between boundary 
Relation to boundary stress field is discussed with respect to 


structure and electronic 


lifetime and mobility. 


indebted to P. H. Keck who put at their disposal 
preparation of double-seed crystals in a 


* The authors are 
purified Si and helped in the 
floating-zone apparatus. 


1H. F. Matare, Z. Naturforsch. 9a, H.7/5 (1954) 


Q14. Relationship among Hardness, Energy Gap, and 
Melting Point of Diamond-Type and Related Structures. 
G, Wovrr, L. ToMAN, AND J. CLARK, Signal Corps Engineering 
Laboratory.—The Knoop micro-hardness values of the Group 
IV B elements, of SiC, the III-V compounds and of some 
II-VI compounds follow Goldschmidt's relation H =const r~*, 
where H is the Knoop number, r the interatomic distance, and 
n is a constant. For the elements and SiC, n is close to § and 
for the III-V compounds, » is about 9. Similar relationships 
have been found for the melting point and for the optical gap 
width of these materials. The results will be discussed in terms 
of the character of the chemical bonds. 
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SATURDAY MORNING AT 9:30 


McAlpin, Green Room 


(B. T. MaTruias, presiding) - 


Cryogenics, I 


QA1. Magnetic and Thermal Properties of UI* at Liquid 
Helium Temperatures. L. D. Roperts ano R. B. Murray,* 
Oak Ridge National Laboratory.—Previous measurements! of 
the magnetic susceptibility of Ul; reveal a susceptibility 
maximum near 3.2°K of antiferromagnetic character, and a 
second susceptibility maximum at 1.5°K which is strongly 
depressed by an applied magnetic field of only 5-10 oersteds. 
The specific heat of UI; has now been measured from 1.2° to 
4.2°K. These measurements show a A-type anomaly of mag- 
nitude 10 joules/deg-mole at 2.61°K which is interpreted as 
arising from the onset of long range antiferromagnetic order. 
No indication of a specific heat anomaly was observed near 
1.5°K. Above 2.61° the specific heat falls rapidly to a value of 
4 joules/deg-mole at 3.0°K and remains almost constant to 
4.2°K. Intgration of the specific heat shows that only 20 
percent of the total spin entropy, assumed to be R1n2, has 
been achieved at 2.61°K. Examination of the field dependence 
of the susceptibility indicates that the susceptibility maximum 
at 1.5°K is due to a type of ferromagnetism involving about 
one electron in 10‘, This latter behavior is tentatively inter- 
preted as an antiferromagnetic domain boundary effect. 

* Fellow of the Oak Ridge Institute of Nuclear Studies from the Univer 


sity of Tennessee. ' 
' Roberts, Lavalle, and Erickson, J. Chem 


Phys. 22, 1145 (1954) 

QA2. Magnetic and Thermal Properties of MnCl? at Liquid 
Helium Temperatures. Rk. B. Murray* anv L. D. Roperts, 
Oak Ridge National Laboratory.—Measurements of the mag- 
netic susceptibility of polycrystalline and single crystal 
samples of anhydrous MnCl, have been carried outt from 1.1° 
to 4.2°K using an ac mutual inductance bridge. The suscep- 
tibility was found to be independent of an applied magnetic 
field up to 500 oersteds throughout this region and displays 
anomalous behavior near 2°K, suggesting a magnetic ordering 
transition. In view of the field independence of the suscep- 
tibility, this transition is interpreted as one of an antiferro- 
magnetic nature, although both x4» and x, continue to rise 
slowly with decreasing temperature below the transition region. 
Specific heat measurements on polycrystalline MnCl, in the 
same temperature region reveal iwo well-defined A-type 
anomalies of magnitude 12 joules/deg-mole, located at 1.81° 
and 1.96°K. This behavior is tentatively interpreted as arising 
first from a transition from the paramagnetic to an anti- 
ferromagnetic state at 1.96°K, followed by a re-orientation of 
the electron spin system to a second type of antiferromag- 
netism at 1.81°K. This interpretation is suggested by a molec- 
ular field calculation, and is consistent with the observed sus- 
ceptibility behavior. 

* Fellow of the Oak Ridge Institute of Nuclear Studies from the Univer 
ity of Tennessee 

+ In conjunction with Dr. R. A. Erickson, now at the Ohio State Univer 
sity 


QA3. Thermal Magnetoresistance of Zinc at Liquid Helium 
Temperatures. P. B. ALers, United States Naval Research 
Laboratory.—The behavior of the thermai resistance of zinc 
monocrystals in a magnetic field has been investigated at 
liquid helium temperatures. In measurements in fields up to 
25 kilogauss both the thermal and electric magnetoresistive 
effects were observed, and the variation of the Lorenz ratio 
with field has been calculated. From this a crude estimate can 
be made of the lattice conductivity as a function of field. In 


addition, small oscillations in the thermal magnetoresistance 
have been observed which are similar to oscillations in the 
electric magnetoresistance, and which can be linked to the 
oscillations of the de Haas-van Alphen effect. In contrast to 
the behavior of bismuth, both the electric and the thermal 
oscillations are in phase, indicating that the thermal conduc- 
tion process is primarily electronic even in fairly large fields, 
although the number of participating electrons per atom is 
probably small. In measurements employing fields up to 60 
kilogauss the thermal magnetoresistance continues to increase 
but is strongly dependent on the relative orientations of crys- 
tal and field. Saturation is not observed, although for some 
orientations the slope of the curve of the relative thermal 
resistance, AW/W, vs B decrease with increasing field. The 
effect of the magnetic field on the thermal resistance is nearly 
independent of temperature in the range in which data were 
taken (2.7°K to 3.5°K), 


QA4. Pressure Dependence of de Haas-van Alphen Param- 
eters in a Bismuth Crystal at 4.2°K. Wittiam C. OveRTON, JR., 
AND Tep G. Berttncourt, U.S. Naval Research Laboratory. 
An effect due to hydrostatic pressure on the de Haas-van 
Alphen parameters, the period 8/E» and phase, has been ob- 
served in a bismuth single crystal at 4.2°K. The pressure de- 
pendence was seen by measurement of the Hall coefficient and 
magnetoresistance in fields up to 12 000 gauss under liquid 
helium pressures up to 1800 psi. With the magnetic field 
parallel to a trigonal axis (within about 5°), the Hall voltage 
probes parallel to a binary axis and the current vector per- 
pendicular to both of these axes a normal (negative sign) Hall 
coefficient was observed to oscillate with a single period in 
reciprocal field in agreement with previous work.' The ob- 
served period, 6/E , of the oscillations, is in fair agreement 
with the period of the susceptibility oscillations (de Haas-van 
Alphen effect) for the corresponding orientation. 8/E») was 
found to change from 1,572 K 10~* gauss™ at 100 psi to 1.593 
10~* gauss at 1680 psi. This 1.3 percent change in 6/E» 
due to pressure is about 8 times the sum of the probable errors 
involved. The change in the phase and in other field dependent 
quantities due to pressure will be discussed, 


'J. M. Reynolds and D. D. Triantos, Bull, Am. Phys. Soc. 29, No. 5, 


11 (1954). 


QAS. Hall Effect and Magnetoresistance Oscillations of 
Antimony Single Crystals in Magnetic Fields at Liquid Helium 
Temperatures, M. C, Sreeie, United States Naval Research 
Laboratory.— Measurements on antimony single crystals in 
the temperature range 1.5°K-4.2°K and fields up to 25 kilo- 
gauss have revealed an oscillatory dependence of both the Hall 
coefficient and the magnetoresistance upon magnetic field. 
For both properties the oscillations are periodic in reciprocal 
field. With the magnetic field parallel to the trigonal axis, 
while the electric current was parallel to a binary axis, the 
observed period, 8/E,y, was 9.8107" gauss '. This is in good 
agreement with the period observed in the de Haas-van 
Alphen effect measurements on antimony' for very nearly the 
same orientation, The amplitude of the oscillating component 
of the Hall coefficient was 0.6 percent of the mean value 
(+2.35K 10™* cm*/coulomb) at 1.55°K and 25 kilogauss. For 
the same conditions the resistance oscillation amplitude was 
also about 0.6 percent of its mean value. The oscillations in 
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both properties were still readily observable at 4.2°K and 
25 kilogauss. 
' D. Shoenberg, Trans. Roy. Soc. (London) A245, 1 (1952). 


QA6. The Electronic Specific Heat of a-Mn.* G. Guirnrie, 
S. A. Frieppersc, anv J. E. GotpmMan, Carnegie Institute of 
Technology.—Previous measurements of the specific heat of 
Mn! show extremely high values for y, the coefficient of the 
linear term, These measurements were made at liquid hydro- 
gen temperatures, The importance of this quantity relative to 
the understanding of the d bands in transition metals suggested 
the desirability of measuring the specific heat at liquid helium 
temperatures. The calorimetric technique is similar to that 
previously described.? Carbon resistors were used as thermom- 
eters and measurements were made between 1.8 and 4.2°K. 
Two samples of manganese were measured. One was in the 
form of electrolytic flakes that had been treated to remove 
contaminant gases.* The other was cut from a cast ingot‘ 
completely in the a phase. The results yield a value for y of 
0.00329 +0,00015 cal/mole*K* which compares with the pre- 
vious value of 0.00441, The results for the two different types 
of manganese metal yield values within experimental error of 
each other. 


ad fouqporied by the U. 8S, Office of Naval Research. 

ue DD, Armstrong and H, Grayson-Smith, Can. J. Research A27, 9 
a ). 

* Eetermann, Friedberg, and Goldman, Phys. Rev. 87, 582 (1952). 

* Kindly provided by Dr. C. G. Shull of Oak Ridge and is the same sample 
on which he had made neutron diffraction measurements revealing a very 
feeble antiferromagnetism. 

4 The cast ingot was obtained from Dr. Moore of the National Research 
Corporation through the kind cooperation of Professor J. G. Daunt. 


QA7. Vibration Spectra and Specific Heats of Cubic Metals, 
Part II. Application to Silver. A. B. Buatia, National Research 
Council of Canada, anv G. K. Horton, University of Alberta. 

From the secular equation derived in Part I' the frequency 
spectrum of silver, and hence its specific heat C, at constant 
volume as a function of temperature 7, is calculated. The calcu- 
lations are made with two sets of elastic constants, namely with 
their values at 7=0°K and at room temperature. The calculated 
C, are compared with experimental data and with calculations 
of Leighton* based on a two force-constant model (in contrast 
to the three appearing in our secular equation) by plotting 
corresponding effective Debye ©'s against T. Above 5°K, the 
agreement between present calculations and experiment is 
more satisfactory than obtained by Leighton. The discrepancy 
below 5°K is similar to that found in Part I for Na and it is 
not unlikely that these discrepancies are the result of an 





QA AND R 


inadequate evaluation of the contribution to the observed C, 
from the quasi-free electrons in a metal 


' Phys. Rev. (to be published). 
*R Leighton, Revs. Modern Phys. 20, 165 


1948) 

QA8. Electron Transfer Mechanism for Ultrasonic Attenua- 
tion in Metals. C. Kirre., University of California, Berkeley. 
The measurements by Bémmel' of ultrasonic attenuation in 
lead crystals in the superconducting and normal states are 
discussed in the light of phonon-electron interactions. Thermal 
conductivity studies by Hulm suggest that phonon-electron 
attenuation is turned off in the superconducting state. We 
suggest that part of the phonon-electron attenuation in the 
normal state is caused by electron transfer processes in the 
Brillouin zone. It is likely as suggested by Leigh that there are 
substantial contributions to the elastic compliance of poly- 
valent metals from the deformation of the form of the Fermi 
surface under stress. The deformation compliance s; is char- 
acterized by a relaxation time 7 of the same order as the elec- 
trical conductivity relaxation time. The energy attenuation 
coefficient is given by a=w*rvps,, for wr<1; here w is the an- 
gular frequency, v the sound velocity, and p the density. This 
expression is not inconsistent with the experimental measure- 
ments. A full account has been submitted to Acta Metallurgica. 


iH. E. Bommel, Phys. Rev. 96, 220 (1954) 

QA9. The Absorption of 10 Mc/sec Sound Pulses by a 
Superconducting Polycrystalline Tin Rod.* L. MAcKINNOoN,f 
Brown University.—The absorption of 10 Mc/sec sound pulses 
in a cylindrical polycrystalline tin rod has been studied over 
the temperature range 1.5 —4.2°K by the following method. A 
constant amplitude pulse was fed into one end of the rod and 
the magnitude of the envelope of the rectified pulse received 
at the other end was measured. Relative, not absolute, ab- 
sorptions were, of course, studied in this way. It was found that 
the absorption in the range 3.73°K to 4.20°K was considerable 
but that below 3.73°K it dropped off steadily, the magnitude 
of the received pulse at 2°K being some fifty times that re- 
ceived above the transition temperature. The significance of 
this change in absorption is discussed in terms of the “two- 
fluid’ model of superconductivity and the possibility of 
calculating from the observations the temperature dependence 
“normal” electrons is 


of the ratio of “superconducting” to 


considered. 


* Supported by the U. S. Office of Naval Research 
Tt On leave of absence from Charterhouse, Godalming, Surrey, England 
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Quadrupole and Magnetic Resonance 


R1. Para Resonance of Atomic Phosphorus.’ 
H. G. Deumect, Duke University. —Paramagnetic resonance 
due to phosphorus atoms in the gaseous state has been ob- 
served in the microwave region near 9200 Mc/sec. A spectrom- 
eter similar to that described by Beringer and Heald and a 
proton resonance controlled field near 3300 gauss were em- 


ployed. The thermal dissociation of the P, molecules was 
achieved by pumping a helium-argon mixture at a pressure of 
20 to 40 mm Hg which was charged with P, vapor of a partial 
pressure around 0.01 mm Hg through a high temperature dc 
arc. The inert gas carrier allowed the maintenance of the arc 
and prevented diffusion of the P atoms to the walls, where they 
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would have recombined before reaching the spectrometer 
cavity. The resonance consisted of a doublet symmetrically 
spaced around a field corresponding to the free electron ¢ 
value. The doublet separation was 20.0+0.5 gauss and is 
easily explained as a magnetic hfs-splitting caused by the 
P® nucleus. Of the order of 1 percent admixture of the excited 
3s3p'4s 4S, state to the symmetrical 3s*3p* 4S; ground state, 
which itself could not couple to the nucleus, is sufficient to 
explain a splitting of this magnitude. The width of the lines of 
about 1 gauss was entirely due to field inhomgeneity. As 
expected for these S-state atoms no pressure broadening due 
to the inert gas carrier was observed. 


* Supported by the Office of Ordnance Research, U. S. Army 

R2. Nuclear Magnetic Resonance in Semiconductors: 
GaSb and InSb. J. M. Mays, R. G. SHutmaN, anno D, W. 
McCatt, Bell Telephone Laboratories.—Nuclear magnetic 
resonances have been observed in the semiconductors GaSb 
and InSb (Ga®, Ga”, Sb'*', and Sb' resonances in GaSb and 
In''® and Sb"! in InSb). The samples, kindly supplied by Dr. 
H. J. Hrostowski, were p-type with 10'’ holes/cc. Line widths 
and shapes were remarkably resistant to alteration, exhibiting 
no variation with orientation in single crystals, no change in 
going from single crystals to powder samples nor in going from 
liquid nitrogen to room temperature, nor, finally, in going from 
Ga® to Ga” or Sb'™ to Sb'™ in GaSb. Relative intensities show 
that resonances are split by quadrupole coupling, and satura- 
tion behavior varies from isotope to isotope in a way that 
indicates the quadrupole interaction is also the dominant 
relaxation mechanism. Widths and shapes of the lines are deter- 
mined by the internuclear exchange interaction described in 
the following paper. 


R3. Nuclear Magnetic Resonance in Semiconductors: 
Exchange Broadening and Line Shapes. R. G. SHULMAN, 
J. M. Mays, ano D. W. McCatt, Bell Telephone Laboratories. 

Ramsey's' theory of exchange interaction between valence 
electrons provides an explanation of the experimental facts 
presented in the preceding paper. This theory has been used 
previously* to explain multiplet structure observed in liquids 
but the present work represents the first observation of such 
effects in non-metallic solids. If, in applying the theory to 
InSb and GaSb, we consider only nearest neighbor interac- 
tions, equal line widths are predicted for different isotopes of 
the same element in the same compound. The line shapes have 
been computed as the envelope of hundreds of components and 
are found to be very nearly Gaussian, in agreement with 
experiment. The line width ratios 6H(Ga)/éH(Sb) and 
611(Sb)/é6H (In) have been calculated from theory alone and 
are in exact agreement with experiment (values are 1.15 and 
1.74, respectively). Second nearest neighbor interactions ex- 
plain the slight differences in the line widths observed for the 
isotopic pairs in GaSb. Further discussion of the relation of the 
electronic structure to resonance widths will be given. 

'N. F. Ramsey, Phys. Rev. 91, 303 


suggested to us by N. Bloembergen in private conversation, 
? Gutowsky, McCall, and Slichter, J. Chem. Phys. 21, 279 (1953). 


(1953). This interpretation was 


R4. Nuclear Resonance Saturation in Solids.* ALrrep G. 
ReprieLp,t Harvard University —The real part of the rf 
nuclear magnetic susceptibility in metallic Cu and Al (at 
300°K, 6800 gauss) does not decrease at the same rf level 
(0.25 gauss) as the imaginary part, but remains roughly con- 
stant under conditions of slow passage out to 1/,>2.0 gauss, 
beyond which it decreases. This behavior is in conflict with 
the predictions of the Bloch equations and the theory of 
Bloembergen, Purcell, and Pound. The evidently erroneous 
assumptions in these theories as applied to solids will be dis- 
cussed. A general theory of magnetic resonance in solids has 
been developed which is applicable at rf levels greater than 
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the absorption saturation level and is in agreement with ex- 
periment. The entire spin Hamiltonian is transformed to a 
rotating coordinate system, and resulting non-secular time 
dependent terms are ignored. The spin system is described by 
a canonical distribution of states with respect to the trans- 
formed Hamiltonian. The spin-lattice interaction determines 
the expectation value of the transformed Hamiltonian and the 
nuclear magnetization. 


* Supported in part by the Office of Naval Researce 
1 National Science Foundation Postdoctoral Fellow ‘1953 1954. 


RS. Nuclear Magnetic Relaxation of Nonuniform Systems. 
S. BroersmMa, Northwestern University.—The relaxation of a 
hydrocarbon mixed with copper sulfate crystals as a function 
of time shows for large crystals the behavior of the pure 
liquid. For crystals of a size of about 50 microns the liquid 
gives a relaxation pattern analogous to that of two coaxial 
samples placed together in the nuclear induction coils. In that 
case the diffusion distance during the relaxation time is of the 
order of the distance between the crystals; we have the co- 
existence of two phases. For smaller cavities the behavior 
again is more like that of a uniform liquid but of shorter re- 
laxation time; 7 is determined by a 1/7 average. The electric 
charges on (nonmagnetic) ions dissolved in water cause large 
local increases in the viscosity if not the formation of aggre- 
gates. The viscosity coefficient entering into the proton-proton 
interaction then is in part an inverse viscosity average, 
weighted by the relative dimensions of the moving parts. The 
motion of the electric ions, creating a fluctuating magnetic 
field, provides an additional relaxation mechanism for the 
water. Theoretically, the increase in the relaxation due to 
either effect is of the order of the relaxation of pure water. 
For 20 percent solutions of Na, Mg, and Al salts 7) is found to 
be lower by a factor of 1,5 to 4 as compared with pure water, 


R6. As’® Pure Quadrupole Resonances. |’. |. Bray, Rens- 
selaer Polytechnic ‘nstitute,* ann R. G, BARNes, University of 
Delaware.t—The As" pure quadrupole resonance (first 
measured in arsenic trioxide') has been detected with super- 
regenerative spectrometers in several trihalides and in the 
triphenyl. The frequencies for the chloride, bromide, and iodide 
at 77°K are respectively 78.950, 61,180, and 116.860 Mcps 
with an accuracy of approximately 20 kcps. A doublet struc- 
ture with frequencies of 98.900 and 98.500 Mcps at 77°K is 
shown by the triphenyl. The temperature dependence of the 
As’ resonance in the trihalides is small. Explanations based on 
the molecular and crystalline structures will be advanced and 
illustrated with the aid of such similar compounds as antimony 
trichloride. 

* Research supported by a grant from the National Science Foundation, 

t Research supported by the Office of Ordnance Research and the 


Research Corporation. 
'H. Kriiger and U. Meyer-Berkhout, Z. Physik 132, 221 (1952). 


R7. Pure Quadrupole Resonances in Sb and Bi Compounds. 
R. G. Barnes, University of Delaware,* anv P. J. Bray, 
Rensselaer Polytechnic Institute.{ —-The pure quadrupole spec- 
tra of Sb and Sb'™ have been measured in the triphenyl and 
trioxide. The triphenyl lines show a doublet structure. At 
77°K the six highest frequencies in this compound are 156,200 
and 152.471 Meps, 142.174 and 138.859 Meps, 95.741 and 
92.267 Mcps with an accuracy of approximately 50 keps. The 
remaining resonances have also been observed and accurate 
values will be given. Quadrupole coupling constants and 
asymmetry parameters as a function of temperature will be 
given for both compounds and compared with the results for 
antimony trichloride. Room temperature measurements 
supplementing the original 83°K data’ for the latter compound 
have been made and the results thereof will be presented. Two 
lines of frequencies 111.320+0.070 and 201.38040.070 Mcps 
at 77°K have been found in BII,. The identification and tem- 
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perature dependence of these resonances will be discussed on 
the basis of the known layer structure of this compound. 


supported by the Research Corporation and the Office of 


Ordnance pees 
f Research sup vorted by a grant from the National Science Foundation. 
‘H. G. Dehmelt and H,. Kriiger, Z. Physik 130, 385 (1951). 


R8. Impurity Effects on Nuclear Quadrupole Spectrum of 
Ci**, S. L. Secet ann B. C. Lutz, University of Delaware.* 
~—It has been previously reported,’ that small amounts of 
para-dibromobenzene added to para-dichlorobenzene greatly 
affects the nuclear quadrupole resonance line of Cl**, Addi- 
tional investigations into the effects of other impurities such 
as para-bromochlorobenzene and para-diiodobenzene have 
been made, The table shows the decrease in relative line 


2D Fa rep ee ne ee re 


RA 


heights of the Cl** quadrupole line as a result of the introduc- 


tion of these impurities. 


Mole % 

impurity 0.05 0.10 0.40 1.2 2.! 
p-brchl 0.88 0.82 0.60 0.40 0.33 
p-dibr 0.86 0.75 0.48 0.24 0.15 
p-diiodo 0.51 0.45 0.39 0.27 0.20 


rhe integrated intensity of the line remains approximately 
constant. It should be noted that p-dichloro-, p-bromochloro-, 
and para-dibromobenzene have the same crystal structure, 
monoclinic, and approximately the same lattice constants; 
whereas, p-diiodobenzene has a rhombic crystal structure. 


* Work supported by the Office of Ordnance Research and the Research 
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1 Duchesne and Monfils, ¢ 
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R9. Theory of the Indirect?Nuclear-Exchange Interaction in Metals. M. A. 


of California, Berkeley. (20 min.) 


RUDERMAN, University 


R10. Nuclear Spin Exchange in Solids. N. BLoremprrGen, Harvard University. (30 min.) 





SATURDAY MORNING AT 


9 :30 


McAlpin, Colonial Room 


(E. C. POLLARD, presiding) 


Reactions of Transmutation and Nuclear Energy Levels, | 


RAI. Gamma Rays from Proton Capture in Li’.* C. I’. 
Swann, M. A. Rornman, W. C. Porter, anp C. E. MANve- 
VILLE, Bartol Research Foundation,—Thin targets of metallic 
lithium have been irradiated by protons supplied by the 
ONR-Bartol Van de Graaff generator. The excitation function 
for production of gamma rays of energies greater than ~10 
Mev has been determined for 1.5 Mev <£ E, <5 Mev. At 2.1 
Mev, a broad resonance of half-width 0.4 Mev is superposed 
upon a slowly rising continuum, At an angle of observation of 
90° with the incident beam, the resonance is pronounced, 
corresponding to a level in Be* at 19.1 Mev. Only a portion of 
the increased yield at 5 Mev over that at 2.5 Mev can be 
attributed to the use of a fixed discriminator setting inobserv- 
ing the gamma rays. 

* Assisted by the joint program of the Office of Naval Research and the 
U, 8. Atomic Energy Commission. 


RA2. Excitation Curve of the Reaction B"” (p,y)C"'.* 1. M 
Haun, Jr.,f B. D. Kern, ann G. K. Farney,} Department of 
Physics, University of Kentucky, Lexington, Kentucky. 
Protons in the energy range from 0,.78- to 1.72-Mev have been 
used to bombard a thin B"-enriched target and the spectrum 
of the emitted gamma-rays has been observed as a function of 
proton energy. The spectra, which were obtained with a 
scintillation counter and a twenty-channel differential pulse- 
height analyzer, consist of radiation due to both B” and B"; 
a graphical analysis of the spectrum at each proton energy 
determined the contribution of the radiative transition to the 
ground state of C". The resulting excitation curve exhibits a 
broad resonance with its peak at proton energy 1,18+0.04 
Mev and with a breadth at half-maximum of 0.57+0.02 Mev. 
These results are in agreement with those of Day and Huus' 
who find a resonance at 1.21-Mev, but the resonances re- 
ported in this energy range by Krone and Seagondollar* were 
not observed. 


by the Office of Ordnance Research, U. S. Army. 
Polytechnic a mg 
Now at Bell Telephone Laborat 
'R. B. Day and T. ce Phys. oy 95, 1003 (1954). 
*R, W. Krone and L. W. Seagon . Phys. Rev. 92, 935 (1953). 


RA3. Angular Distributions of Resolved Neutron Groups 
from the B''(d,n)C'? Reaction.* J. R. Risser, J. Price, anp 
C. M. Crass, The Rice Institute-—The neutrons from the two 
highest Q groups (13.7 and 9.3 Mev) of the B"'(d,n)C" reaction 
have been resolved with a counter which consists of a thin 
polyethelene radiator from which recoil protons are detected 
in coincidence by and a Nal 
scintillator. The coincidence pulse multichannel 
analyzer which examines the pulse-height distribution pro- 
duced by the protons in the crystal. The angular distributions 
with respect to the beam of the two groups were taken at five 
bombarding energies between 1 and 5 Mev. For some energies, 
the angular distributions show strong peaking in the for- 
ward and backward directions, while at others the distribu- 
tions are isotropic. These results are compatible with the 
existence of several broad states of the compound nucleus, 
but the possibility that part of the structure is due to the 
stripping reaction is not excluded. An excitation curve taken 
at 0° to the beam [for these groups over the same energy 
range shows resonances which also suggest compound nucleus 
formation. 


a gas proportional counter 
gates a 


* Supported by the U. S. Atomic Energy Commission 

RA4. The 7.68-Mev Level in C'? and Stellar Energy Pro- 
duction. E. E. SaLrererR, Cornell Uni: -rsity.—In some types 
of red giant stars, found in globular clusters, central tempera- 
tures of over 10°°K are predicted theoretically.! The con- 
version of 3 alpha particles into one C™ nucleus takes place in 
the interior of such stars and affects their structure greatly. 


The individual steps of this conversion are 
Be®+a+0.31 Mev-—+C"*; 
CH 6CH4 274 


2a+0.10 Mev—Be'; 
7.68 Mev. 


A formula will be presented for the rate of this reaction as a 
function of temperature and density. The numerical results 
depend critically on the exact resonance energy and the spin- 
parity assignment of the “7.68 Mev’”’ level in C®. The experi- 
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mental information? on this level will be discussed and 
theoretical estimates of its various partial widths given. 


1M. Schwarzschild and F. Hoyle (private communication). 
*T. Lauritsen and F. Ajzenberg, Revs. Modern Phys. (to be published). 


RAS. Differential Cross Sections for the Scattering of 
Protons by Carbon as a Function of Incident Proton Energy.* 
ROBERT PEELLE,t Princeton University.—Absolute angular 
distributions were measured for protons scattered by the 
carbon contained in hydrocarbon foils. The external proton 
beam of the Princeton University synchrocyclotron was used 
covering the range of energy 14 to 19 Mev. The energy 
resolution of the beam was somewhat better than 0.3 Mev 
and the angular resolution of the Nal(Tl) scintillation 
detector was usually about two degrees. The range of the 
proton beam was measured in aluminum within 3 mg/cm?* 
by a differential range spectrometer. Cross sections for the 
ground state and the level at 4.43 Mev were measured with 
about 4 percent accuracy at many angles between 20 and 
170 degrees for eleven bombarding energies spaced at intervals 
of about 0.5 Mey. For three of these beam energies the 7.7 
and 9.6 Mev levels were included and the data extended to 
smaller angles. Accuracy was poorer for the more negative 
Q values. Cross sections for the scattering of protons on 
hydrogen were measured at each energy used, and the results 
are in agreement with published data. The results of these 
measurements will be discussed. 

* This work was supported by the U. S. Atomic Energy Commission and 


the Higgins Scientific Trust Fund. 
t Now at Oak Ridge National Laboratory. 


RAO. Inelastic Electron Scattering from Carbon at 188 
Mev.* J. H. FreGeau AnD R. Horstapter, Stanford Univer- 
sity.—The elastic scattering peak in carbon-12 is accompanied 
by a number of additional peaks corresponding to inelastic 
scattering of electrons from the excited levels of carbon. 
Those peaks which have been carefully investigated correspond 
to energies (A) 4.43 Mev, (B) 7.68 Mev, and (C) 9.70 Mev. 
The angular distributions of inelastically scattered electrons 
have been studied in the range 45° to 80°. Experimental 
comparisons have been made between the inelastic peaks of 
carbon and the elastic scattering from hydrogen. Using a 
theoretical cross section for hydrogen the “absolute’’ cross 
sections for inelastic scattering can be obtained. For example, 
at 50° the 4.43-Mev peak has an approximate cross section 
of 1.3%10™” cm?/sterad. The peak at 7.68-Mev corresponds 
approximately to 4.310~" cm?/sterad, the 9.70-Mev peak 
to 2.910°" cm?/sterad. The angular distributions of the 
inelastic peaks fall off less violently with increasing angle than 
the elastic carbon peak. The angular distributions will be 
presented, 

* This research was supported jointly by the U.S. Navy (Office of Naval 
Research) and the U. S, Atomic Energy Commission, and by the U. 5, 


Air Foree (Office of Scientific Research, Air Research and Development 
Command). It was also aided by a grant from the Research Corporation, 


RA7. The C'*(p,y)N' Reaction. H. B. Wittarp, J. D. 
KINGTON, AND J. K. Barr, Oak Ridge National Laboratory. 
Thin carbon targets, enriched to 61 percent with C™, were 
prepared by cracking methyl iodide vapor on platinum. 
Capture gamma rays produced by proton bombardment were 
detected with a 33 in. Nal crystal located about 9 in. from 
the target (the latter mounted at 45° with respect to the 
proton beam). One new resonance at E,=3.11 Mev, width 
=30 kev (resolution 5 kev), was observed in extending 
previous data! to the (p,m) threshold 3.236 Mev. This level 
in N" at 10.43 Mev decays mainly to the ground state, 
although a small percentage of cascade radiation has been 
observed. Angular distributions of the 10.43-Mev gamma ray 
can be fitted to the expansion w(@) = 1—0.40+40.02P.(cosd). 
These results are consistent with the assumption that this 
level in N™ is formed in a J=2> state by the capture of 
d-wave protons, followed by electric dipole radiator to the 





ground state (1*). The mixing ratio of channel spin 0 to 
channel spin 1 is 3 to 2, in agreement with either j—j or 
Russell-Saunders coupling.” 


1J. D. Seagrave, Phys. Rev. 85, 197 (1952). 
*R. F. Christy, Phys. Rev. 89, 839 (1953). 


RAS. Energy Levels in N'‘ by Inelastic a-Scattering. D. W. 
Miiver, U. C. Gupta, V. K. Rasmussen, AND M. B. Samp- 
son,* Indiana University.—Previous work' on the inelastic 
scattering of alpha particles by a nitrogen gas target gave 
excitation energies which agreed with other observers in the 
region below 7 Mev. The present work was undertaken to 
investigate discrepancies at higher excitation energies. 22-Mev 
a particles were scattered by a thin melamine target and 
inelastic groups were observed at angles of 12.5°, 79°, and 90°, 
Levels were located in N™ at 7.01+0.06, 7.9440.07, 8.45 
+0.07, and 10,05+0.07 Mev. This observation of new levels 
in a previously well-explored region may be explained by the 
higher angular momentum states accessible in this experiment. 
The widths of the observed peaks are such that close levels 
would not be separated; in particular, the known levels from 
8.6 to 9.17 Mev were not resolved. Previously-reported levels 
which were not observed are those at 7.4, 7.7, 8.06, and 9.49 
Mev. The 8.06 level has previously been assigned isotopic 
spin 7'=1.2 Such an assignment is also indicated by the 
present experiment for the 9.49-Mev level. The status of the 
7.4- and 7.7-Mev states is uncertain. 

* Supported by the joint program of the U. S. Office of Naval Research 
and the U. S. Atomic Energy Commission, 

' Carmichael, Sampson, and Johnson, Phys. Rev, 91, 475A 


Carmichael, Indiana University Ph.D. thesis (1954). 
* Clegg and Wilkinson, Phil. Mag. 44, 1269 (1953). 


RA9. Radiative Capture of Protons by N'‘.* S. Basnkin, 
R. R. Carison, ann E. B. Nevson, State University of Lowa, 
The 277-kev resonance for production of O' in its 7.61-Mev 
state was excited by 300-kev proton bombardment of a thick 
TiN target. A three-crystal pair spectrometer resolved gamma 
rays of 5.2540.1 Mev, 6.140.1 Mev, and 6.640.1 Mev, 
agreeing with previous work.' Relative intensities are 0.25, 
1,00, and 0.40, respectively, to within 25 percent. Direct 
ground state transitions have an intensity less than 5 percent 
of the 6.1-Mev transitions. The yield of 6.1-Mev gamma 
radiation is (3.84+1.0)K10~" 5/p by comparison with the 
known yield of 6.13-Mev gamma rays from F'(p,ay)O", 
Correcting for energy loss in the target and assuming the 
above transitions end in the 4°O” ground state, the total 
radiative capture yield in nitrogen is (0.2340.06) K10°"y/p. 
Duncan and Perry* obtained (0.35+0.03) K10°" 6*/p. The 
intensity ratio of 6.1-Mev radiation to 5.25-Mev radiation, 
measured with a single crystal spectrometer, was (1043) 
percent higher at 0° to the beam than at 90°, The present 
data require 1,>0, in disagreement with the suggestion of 
Duncan and Perry.? A 5/2> assignment to the capture state 
is consistent with the present data, 


(1953). 


* Supported in part by the U. S. Atomic Energy Commission. 
1! Johnson, Robinson, and Moak, Phys. Rev. 85, 931 (1952). 
?D. B. Duncan and J. E. Perry, Phys. Rev. 82, 809 (1951), 


RAI1O0. Upper Limit to the Lifetime of a Compound Nucleus. 
H. G. Graerzer* ano E. C. Pottarp, Yale University. -The 
reaction N“+a--F'"--O" +p was studied in order to deter- 
mine directly by experimental means an upper limit on the 
lifetime of a compound nucleus. In Bohr's compound nucleus 
model, the lifetime is estimated to be less than 10~'* second, 
which is too short by several orders of magnitude to be 
measured by electronic coincidence techniques. The proposed 
method was to study the shape of a particular resonance peak, 
using the same target nucleus, first in a gaseous state and 
then in a solid state. Any broadening of the solid state peak 
will be due to atomic collisions made by the compound nucleus 
before it decays in flight. Using the analyzed 8-Mev alpha 
beam from the Yale cyclotron and a highly peaked propor- 
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tional counter detector, a sharp and reproducible proton peak 
was observed. Within an experimental error of 30 kev, no 
broadening due to solid target was observed. From the 
range-energy relation for the compound nucleus, and the 
stopping power of the solid target, an upper limit of 5.0 x 10~"* 
second is reported. 

* Supported by Office of Naval Research. 


RAI1. Energy Levels in F'* and Al*.* W. T. DoyLet anp 
A. B. Ropsins.—Energy levels in F'? and Al* have been 
obtained by means of (a,n) reactions on N“ and Na™, using 
a proportional counter telescope and a slow neutron threshold 
technique. Precision measurements were not possible with 
these methods because of the low neutron yields available 
with the cyclotron alpha particles. The Q values for the 
reaction N“(a,n)F" are —4.8 and —5.3 Mev and for the 
Na*®(a,n)Al* reaction are —5.4, —4.6, —3.6, and —2.9 Mev. 
a agreement has been obtained between the two methods. 


in part by the Office of Naval Research. 
Science Foundation Predoctoral Fellow. 


t Nan 

RA12. Energy Levels of Al”.* RK. Suerr,t R. W. Kava- 
NAGH, AND W. R. MILLS, California Institute of Technology.— 
The energy levels of Al** have been investigated through 
observations on the Mg**(p,y)Al** reaction. The ratio of 
capture cross section to positron yield at various resonances 
was found to vary over a range of 20, indicating the existence 
ot a state whose lifetime is much longer than that of the 
6.7-«° positron emitting state. Energy and coincidence 
measuiements of the capture y rays were combined with 
Browne's! results on the T’=0 states to give the following 
energy levels: ground state, 219, 416, 1052, 1750, 1846, 2064, 
and 2074 kev. Spin and parity assignments consistent with 
the observed y rays are 5+, 0+, 34+, and 1+ for the first 
four states. Measurements of the positron spectrum of the 
6.7-sec activity with a lens spectrometer gave Emax =3.20 
+0.05 Mev, in agreement with the value expected for decay 
from the 219-kev state. The ft value (3120490) and energy 
support identification of this state as the lowest JT =1 state. 
The assignment of spin 5 to the ground state would account 
for its apparently long lifetime. 

° Praperted by f Joint program of the Office of Naval Research and 
the U Atomic E Comm 


t Epes address: Princeton University, pone ‘ton, New Jersey. 
. Browne, Phys. Rev, 95, 860 (1954 
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RA13. (a,p) Reaction Studies. G. F. Prerer, G. S. StTan- 
FORD, AND P. vON HERRMANN, Yale University.—Several 
(a,p) reactions are under investigation using the 8.1-Mev 
alpha-particle beam of the Yale cyclotron. Protons are 
detected in a thin Nal crystal and the resulting pulse ampli- 
tudes are analyzed in the Yale 40-channel analyzer. The 
Al*"(a,p)Si® reaction is used as a standard for calibration 
purposes; the ground-state Q is known from the masses and 
the level values are accurately known from the work of Van 
Patter and Buechner* on Si®(d,p)Si.™ The following prelimi- 
nary data has been obtained: (1) P*(a,p)S*,—ground-state Q 
value +0.5 Mev, a definite level at 2.1 Mev, and some 
evidence for levels at 0.7, 3.0, and 3.6 Mev. (2) S®(a,p)CI*, 

ground-state Q value —2.3 Mev, a definite level at 1.1 Mev, 
and some evidence for levels at 0.7 and 1.7 Mev. (3) B®(a,p)C™ 

0 values of +0.1 Mev, —0.5 Mev, and 1.4 Mev appear 
to correspond to well-known levels in C’. The ground-state 
Q value of 3.8 Mev so far obtained may correspond to an 
unresolved overlap of the true ground-state group and a group 
from the questioned level at 0.7 Mev in C". 


*D. M. Van Patter and W. W. Beuchner, Phys. Rev. 87, 51 (1952). 


Neutrons from the Proton Bombardment of P'*.* 
A. Rupin AND F, AjzeENBERG, Boston University, AND J. B 
ReyNoLps, Princeton University.—A phosphorus target, 100 
kev thick, has been bombarded with 17.5-Mev protons from 
the Princeton cyclotron. The resultant neutrons have been 
studied by means of Ilford C-2 emulsions, 400 microns thick, 
placed at five angles to the incident proton beam and 4.5 
inches from the target. In this experiment only long tracks, 
corresponding to low states of P®", have been measured. 
Preliminary measurements at 30, 90, and 150 degrees (1963 
tracks) indicate a ground-state Q value of —6.0340.2 Mev 
which corresponds to a mass defect for S* of —10.07+0.2 
Mev. This result is in good agreement with the value adopted 
by Endt and Kluyver.! Neutron groups have also been 
observed corresponding to excited state(s) of S* at 1.13+0.2, 
2.2340.15, 3.2940.15, 4.60+0.15, and 6.20+0.2 Mev 
above the ground state. Neutrons from the ground-state 
group were found to be peaked in the forward direction. 


RAI4. 


* This work has been supported in part by the U. S. Air Force through 
the Office of Scientific Research and in part by the Atomic Energy Com 
mission 

1 Endt and Kluyver, 1954) 


Revs. Modern Phys. 26, 95 
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New Yorker, Panel Room 


(C. S. Wu, 


presiding) 


Beta and Gamma Emitters I]; Angular Correlation 


S1. Evidence for a Mixed M3+E4 Isomeric Transition. 
Joun W. Minericu* anp M. Gorpnaper, Brookhaven 
National Laboratory.t-—-An improved determination of the L 
subshell conversion ratios of the 74,2 kev isomeric transition 
in Os™*" (14 hr) leads to Ly: Lij: Lin =5547:1644: 100. 
This result, taken together with recently available theoretical 
conversion coefficients by Rose, Swift, and Goertzel,' leads to 
the conclusion that we are dealing here with an M3 transition 
with a small admixture of an E4 transition. The exact percent- 
age of the admixture depends on a more detailed knowledge 
of the Z dependence of conversion coefficients than is at 
present available. Previously* this transition was believed to 
be E3+M4. From the new assignment of the character of the 
isomeric transition and from the ft value of the 8 decay of 


Os" (16 day) to Ir'™ (5.6 sec)* the most plausible level 
assignments are: Os™ (9/2 —) and Os™'™ (#—), 


* Now at Notre Dame University. 

t Under the auspices of the U. S. Atomic Energy Commission 

' Privately circulated tables. 

*R. D. Hill and J. W. Mihelich, Phys 

* Mihelich, McKeown, and Goldhaber, 
R. A, Nauman and J. B. Gerhart, Phys. Rev 


Rey. 89, 323 (1953). 
Phys. Rev. 96, 1450(L) (1954) 
96, 1452(L) (1954). 


$2. Iridium-194.f C. E. MANpeviILLe, JAGDISH VARMA," 
AND BapuLaL Sarar,t Bartol Research Foundation.—Electro- 
magnetically enriched quantities of Ir were exposed for 
time intervals ranging from 0.5 to 2.0 hr on five successive 
occasions in the Brookhaven pile. The 19-hour Ir™ was found 
to emit gamma rays of energies 0.295, 0.325, 0.635, 0.640, 
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0.93, 1.14, 1.28, 1.45, 1.58, 1.77, and ~2.00 Mev. By coin- 
cidence studies, sequential relationships were established 
between ten pairs of gamma rays. The first and second excited 
states of the residual nucleus were located at 325 and 620 
kev. The angular correlation function of the 0.295 Mev—0.325 
Mev cascade was measured and found to correspond to a 
2-+2-+0 distribution, thus giving the spins of the first two 
excited states of Pt. 

t Assisted by the joint program of the Office of Naval Research and the 
U. S. Atomic Energy Commission. 

* Researc h Fellow, Bartol; at present at the University of Glasgow, 
Scotland. 


t Research Fellow, Bartol; 
Stockholm, Sweden. 


at present at the Nobel Institute of Physics, 


S3. The Decay of Bi’. N. H. Lazar anno E. D. KLeMa, 
Oak Ridge National Laboratory.—The gamma rays following 
electron capture by Bi®’ have been studied using the 3 in. by 
3 in. cylindrical single-crystal Nal spectrometer and by means 
of coincidence spectroscopy. The intensity of the 0.579, 1.067, 
and 1.77 Mev gamma rays were determined with an expected 
error of ~8 percent. No indication of gamma rays reported 
at 1.46 or 2.45 Mev' were found. The proposed decay scheme 
is confirmed, quantitatively, through the number of coinci- 
dences found between the K x-rays and the various gamma 
rays. From the data, it appears the 2.34 Mev level is excited by 
L capture only, in agreement with other recent work.? There 
appears to be ~3 percent K capture to the 0.570 Mev level. 
An angular correlation experiment was performed between 
the 1.77-0.570 Mev cascade. The possible spins of the 2.34 
Mev level based on these results will be discussed. 

' J. R. Prescott, Proc. Phys. Soc. (London) A67, 530 (1954). 


*D. E. Alburger and A. W. Sunyar, Abstract to the 1954 Berkeley 
Meeting of the American Physical Society. 


S4. The Beta Decay of RaE.* L. Liporsky, N. Benczer, 
P. Mackiin,t anp C. S. Wu, Columbia U niversity. N 
summary of recent investigations made on the genetic chain 
Ra(D-+E-+F) will be presented. The main discussion will be 
on the fitting of the 8 spectrum in which a measurement, 
made with a vacuum evaporated source of low surface density, 
was used. Since the spin of the ground state of RaE has been 
recently determined as J=1, only a J=1—~J=0; (yes) 
transition and a linear combination of the S and T interactions 
will be considered. A fitting is possible for ¢9=3.29 mc?; 
i(Gs/Gr) (Sf Br/ f Boxr) =0.22 and (aZ/2R)"(fBa/ Sf Boxr) 

=1.51. The sensitivity of the fitting to a variation of these 
parameters will be illustrated. Finally, the influence of this 
fitting on the choice of the relative algebraic sign of the S and 
T interactions in 8 decay will be discussed. 

* This work was partially supported by the U. S. Atomic Energy Com- 


mission. 
t Now at Miami University, Oxford, Ohio. 


SS. Rotational States of Excitation in U*"*. FE. L. Cuurcn* 
anp A. W. Sunyar, Argonne National Laboratory and Brook- 
haven National Laboratory.—The levels in U™ excited by 
alpha decay of Pu™* have been studied by conversion-electron 
spectroscopy. Transitions of 43.640.3 and 100.0404 kev 
have been observed converting in the L, M, N, and O shells. 
Che relative conversion in the L and M subshells corresponds 
to that expected for electric-quadrupole transitions.' Delayed 
coincidence experiments indicate the lifetime of the 43.6-kev 
transition to be <5 10~" second, corresponding to a gamma 
transition probability > 30 times the single-particle estimate.* 
\lpha energies indicate that these transitions form a cascade 
leading to the ground state,’ while the branching ratios favor 
a 0, 2, 4 spin sequence. The spins, parities, and spacings of the 
observed levels are characteristic of “rotational” states of 
excitation,‘ as is the observed enhancement of the ground-state 
transition probability. The magnitudes of the rotation- 
vibration parameters, h?/23 =7.30+0.06 kev and hug, =1.0 


+0.2 Mev, are in agreement with independent estimates of 
these quantities.‘ 

: On loan from Frankford pocnal, Philadelphia, Pennsylvania. 

. Church and J. E. Monahan, Phys. Rev. 94, 762 (1954). 

na F. Weer, Phys. Rev. 83, 1073 (1951). 

*F, oy and I. Perlman, Phys. Rev. 94, 381 (1954). 

A, hr and B. Mottelson, Regi. Danske Videnskab. Selskab Mat. fye. 
Medd., eo 16 (1953). 


S6. Higher Excited States of Even-Even Nuclei. Gerrrupr 
SCHARFF-GOLDHABER AND JoserH Weneser, Brookhaven 
ational Laboratory.*—Some empirical regularities and their 
tentative theoretical interpretations are presented. For 
60 <A <150 the ratio of the energy of the second excited state, 
Es, to the energy of the first excited state, EZ), is about 2.2 
with few exceptions. The majority of these second excited 
states are 2+, the remainder being 4+ or 0+ with few 
exceptions. Near A = 150, as A decreases, FE, increases steeply 
and there is apparently an abrupt transition from a Bohr- 
Mottelson rotational level pattern to the one described above, 
The Kraushaar-Goldhaber empirical rules [(a) weak 24+—+0 + 
crossover, (b) E2, M1 comparable in the 24—+2+ transition ] 
are extended. From a modified Bohr-Mottelson Hamiltonian 
with weak to moderate coupling the observed energy ratio 
follows naturally; the selection rules arise (a) from the 
unfavored nature of two-phonon transitions and (b) from 
the speed-up of E2 and absence of M1 in one-phonon transi- 
tions. On this basis a 04+-, 24+, 4+ triplet would be expected 
in the region around 2E,. E2 matrix elements will be discussed. 
The extended shell model also yields some of these results 
(seniority rules). 


* Under the auspices of the U. S. Atomic Energy Commission, 


S7. Magnetic Moment of the 0.247-Mev Excited State of 
Cd". W. Zoper* ann R. M,. Sterren, Purdue University. 
Using dilute aqueous solutions of the parent In'"' the prompt 
and delayed directional correlation of the 0.173-0.247 Mev 
gamma-gamma cascade of Cd'' has been measured with 
external magnetic fields up to 8000 gauss applied perpendic- 
ularly to the correlation plane. From the observed azimuthal 
shift of the correlation pattern, owing to the Larmor precession 
of the Cd'™ nucleus in its intermediate state, and from the 
attenuation of the directional correlation in the magnetic 
field the magnetic moment of the 0.247-Mev Cd" level was 
determined as w= — (0.7840.03)yo. The error is mainly due 
to the error in the lifetime of the nuclear state and due to the 
uncertainty in the time-dependent quadrupole interaction in 
the liquid sources.' The new value of w is within the limits of 
error of the previous determination by the Swiss group 
(u = —(0.7040.12)yo) and agrees with recent measurements 
done by the same group. It shows conclusively, however, that 
the first excited state of Cd has a considerably larger 
magnetic moment than the ground state (ug = —0.5949p»). 
From the extreme single-particle model one would expect that 
the magnetic moment is that of the odd neutron, i.c., —1.91 
wo both in the ground state and in the excited state. 

t Supported > pert by the U. 8, Atomic Energy Commission 


* Now at Oak Ridge National (DP cem ody 
'P. B. Hemmig and R. M. Steffen, Phys. Rev, 92, 832 (1953). 


$8. Angular Distribution of the Resonance Fluorescence 
Radiation from the 411-kev Level in Hg™.+ Franz R. Metz- 
GER, Bartol Research Foundation.—Using the resonance 
fluorescence effect obtained by heating a source of Au™*® to 
1125°C, the angular distribution of the resonance radiation 
from the 411-kev level in Hg'* has been measured. The 
experimental distribution has the form 1+ (0.37+40,06)P, 
 (cos#) + (1.07 40.08) P, (cos). It agrees very well with the 
distribution expected for an excited state of spin 2 and a 
ground state of spin 0. 


t fqpioted b 
U. 8. Atomic 


the joint pares of the Office of Naval Research and the 
tnergy Commise 
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S9. Attenuation of a-y Angular Correlation of Am*” in 
Liquid-Film Sources.* S. Rasoy, T. B. Novey, anp V. E. 
Kroun, Argonne National Laboratory.—The anisotropy, 
([W(180°)/W(90°)}—1, of the delayed coincidences from 
Am™ has been measured in 1 NHCIO, liquid-film sources! as a 
function of the time delay between the emission of the alpha 
particle and the 60-kev gamma ray. The results show a time- 
dependent attenuation consistent with the theory of random 
fluctuations of the electric quadrupole interaction in liquid 
media, and indicate A,=0.144+0.03 and d\.=(14+43) K10° 
sec™ in the theoretical formula,** w(6,t) =[1+Azexp(—Adt)P2 
 (cosd) ] exp(—t/rw). 

* Work performed under the auspices of the U. S. Atomic Energy 
Commission. 

'T, B. Novey, Phys. Rev. 96, 547 (1954). 


7A. Abragam and R. V. Pond, Phys. Rev. 92, 943 (1953). 
*F, Coester, Phys. Rev. 93, 1304 (1954). 


$10. Gyroinagnetic Ratio of 6 x 10~* sec Np**’ by Angular- 
Correlation Techniques.* V. E. Kroun, T. B. Novey, anv 
S. Rapoy, Argonne National Laboratory.—The gyromagnetic 
ratio of the 6 X10~* sec state of Np*7 has been obtained from 
measurement of the Am*' a—y angular-correlation pattern 
as a function of a magnetic feld applied perpendicuarly to the 
plane defined by the detectors and the HC1O, liquid-film 
sources. The result obtained was g = 4-0.840.2 nuclear units. 


* Work performed under the auspices of the U. S. Atomic Energy Com- 
mission, 


S11. Angular Correlation in the Decay of Co”.t J. P- 
Huriey, S. W. RupMan, anv P. S. Jastram, Washington 
University.—The angular correlation distribution has been 
measured for the cascaded 1.25- and 0.84-Mev gamma rays 
which follow the decay of Co, by use of a coincidence 
spectrometer which combines short resolving time with 
energy selection, and which permits the coincidence rates 
corresponding to three different angles to be measured 


AND T 

concurrently. Besides the 1.25-Mev photon, four other 
gamma rays, all of higher energy, are known to be in coin- 
cidence with the 0.84-Mev branch. Their contribution to the 
angular correlation is collectively determined by comparing 
coincidence rates with the discriminator window set alternately 
on and just above the 1.25-Mev line. Upon subtraction of the 
competing rates, the net angular correlation is found to be in 
good agreement with that computed on the basis of spin 
assignments of 0-2-4 for the ground state, 0.84- and 2.09-Mev 
levels in Fe®, with both gamma rays quadrupole. 


+t Supported in part by the joint program of the Office of Naval Research 
and the Atomic Energy Commission. 


$12. Polarization Correlation in the Decay of Co”.¢ G. T. 
Woop* anp P. S. JastramM, Washington University.—The 
polarization-direction correlation has been measured for the 
1.25-0.84 Mev gamma-ray cascade which follows the decay 
of Co, employing Compton scattering from a liquid scintil- 
lator for the polarization detector. A sodium iodide crystal 
was used for the scintillator in the polarization-insensitive 
channel in order to provide energy resolution. By setting the 
discriminator in this channel to select the 1.25-Mev photon, 
and accepting only those pulses in the scattering counter 
which corresponded in height .o approximately 90-degree 
deflection of the 0.84-Meyv quantum, contributions to the 
prompt coincidence rates due to competing branches in the 
Co decay and other modes of counter-to-counter scattering 
were effectively eliminated. Using the angular correlation 
coefficients indicated by the results of the preceding paper, 
we found the polarization of the 0.84-Mev photon to conform, 
both in magnitude and direction, with electric quadripole 
radiation, and, accordingly to lead to an assignment of even 
parity for the first excited state in Fe®*. Similar measurements 
on other gamma rays in the decay scheme are in progress. 

+ Supported in part by the joint program of the Office of Naval Research 


and the ly. S. Atomic Energy Commission 
* University Fellow in Physics 





SATURDAY MORNING AT 9:30 


New Yorker, North Ballroom 


(G. T. REYNOLDs, presiding) 


Mesons 


T1. Electron Spectrum from Muon Decay. H. J. Bramson, 
Hughes Aircraft Cor poration.—-Work is in progress on bringing 
into consistent form the results of the many experiments to 
ascertain the decay spectrum of the mu meson. Using the 
parameter p of the Michel theory to characterize the electron 
spectrum and adopting the recent value of the mu meson mass 
reported by Birnbaum and Barkas, a statistically ‘‘best"’ 
value of p from experiments based on the range, momentum, 
and scattering of the electron will be presented. 


T2. Pion-Pair Production in a Nuclear Emulsion. Herman 
Yacooa, National Institutes of Health.—The tracks of a r* 
and #~ meson are observed to diverge from a common origin 
without any other associated tracks. Both particles terminate 
their range within the confines of a single 1500-micron thick 
emulsion exposed to cosmic radiation in the stratosphere, and 
exhibit typical r— decay and o-star formation. The energies 
of the mesons are 18.0 and 18.7 Mey, respectively, and the 
angle between the tracks is 120°. The Q value of the event, 
computed as a two-body decay, is 27.9 Mev. This is not 
consistent with the decay of neutral theta or zeta mesons. 


The event may have originated from the decay of a neutral 
tau meson, 7°" +-4* +9” for which the Q could vary between 
0 and 80 Mev. Other possibilities are the materialization of a 
pion-pair by photon-Coulomb field interaction, or the collision 
of a high-energy neutron with a surface neutron of one of the 
emulsion nuclei. 


+ 


T3. Photoproduction of Neutral Mesons in H and D.* 
H. H. Brncuam, J. C. Keck, anp A. V. ToL_estrup, Cali- 
fornia Institute of Technology.—The production of neutral 
mesons by photons on hydrogen and deuterium is being 
investigated using the technique of counting the decay 
photons. A low-temperature high-pressure gas target is 
exposed to bremsstrahlung from the Caltech synchrotron. 
The decay photons from neutral mesons are detected in a 
telescope of three liquid scintillation counters of which the 
first is in anticoincidence and the second and third in coin- 
cidence. A 3/16 in. lead converter is placed alternately before 
or behind the anticoincidence counter; the difference in 
counting rate is assumed due to neutral particles, primarily 
photons, converted in the lead, Counts due to low-energy 
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photons and neutrons are suppressed by placing an aluminum 
absorber between the second and third counters. The coin- 
cidence resolving time is 10~* sec and both accidental counts 
and deadtime losses are carefully monitored with a view to 
obtaining precise results. Measurements are being made at 
laboratory angles of 30°, 73°, and 140° for synchrotron 
energies of 300, 400, and 500 Mev. Except at 30°, backgrounds 
run with the target evacuated are less than three percent. A 
preliminary reduction of the 73° data gives D to H yield 
ratios of 1.79 +0.09, 1.80+0.09, 1.70+0.09 at synchrotron 
energies of 500, 400, and 300 Mev, respectively. 


* This work was supported in part by the U. S. Atomic Energy Com- 
mission. 


T4. Photoproduction of x* Mesons from Hydrogen near 
Threshold.* J. E. Letss,t S. Penner, anp C. S. Roprnson, 
University of Illinois.—A preliminary experiment! has been 
repeated using a liquid hydrogen target and improved counter 
geometry. Mesons produced in hydrogen are stopped in a 
carbon absorber surrounding the target, and the resulting 
decay positrons counted. The activation curves obtained have 
been analyzed for the total cross section at 2-Mev intervals 
from threshold to 180 Mev. The absolute counting efficiency 
was calculated using a Monte Carlo method and the Iliac 
digital computer. The maximum uncertainty in this calculated 
efficiency is believed less than 10 percent. The total cross 
section or is well fitted by oT /4ry =[(1.60+0.1)+(1.20 
+0.56)n? ] x 10-* cm* where the notation is that of Bernardini 
and Goldwasser. The 90° center-of-mass cross section’ is 
well fitted by o90°/x =((1.56+0.06) + (1.48 40.19)? ] x 10°” 
cm*/sterad. The renormalized symmetric coupling constant 
g and the coupling constant of the Chew cut-off theory f are 
determined to be g?=11.7+0.7 and f*? =0.069+0.004. The 
connection with the s-wave scattering phase shifts will be 
discussed. 


* Supported in part by U. S. Office of Naval Research, U. 8S. Atomic 


Energy Commission, and National Science Foundation 
t Now at National Bureau of Standards, Washington, D. C. 
!C, S. Robinson and J, FE. Leiss, Phys. Rev. 95, 638(A) (1954). 
2G. Bernardini and FE. L. Goldwasser, Phys. Rev. 95, 857 (1954). 
‘J. EB. Leiss and C. S. Robinson, Phys. Rev. 95, 638(A) (1954). 


TS. Negative Pions from Neutron Bombardment of Deu- 
terons. Myron W. Knapp anp WILSON M. Powe t, Univer- 
sity of California, Berkeley.—In order to obtain information 
on the neutron-neutron interaction, a cloud chamber filled 
with deuterium gas was bombarded with the neutron beam of 
the Berkeley 184-inch synchrocyclotron. The spectrum! of the 
neutron beam, which is produced by 340-Mevy protons on a 
24 inch lithium deuteride target, is peaked at 300 Mey and 
extends to 340 Mey. The three reactions d(n,x~p)d, d(n,r~ pn) p, 
and d(n,r~)He*® were studied. A total of 310 events was 
examined; the three reactions contributed 208, 80, and 22 
events, respectively. Laboratory system angular distributions 
and energy spectra of the mesons will be presented. This work 
was performed under the auspices of the United States 
Atomic Energy Commission. 


! John De Pangher, Jr., Phys. Rev. 95, 578 (1954). 


T6. Elastic Scattering of Pi Mesons from Nuclei. 1.* Ross 
Wittiams,t Winstow Baker, Arnup Pevsner,{ AND JAMES 
RAINWATER, Columbia University.—The elastic scattering of 
78+4 Mev x and r* mesons from copper has been measured 
between 20° and 170° with an angular resolution varying 
from 4° to 10°. A multiple system of double and triple coin- 
cidences between four scintillation was used to 
reduce background to a low level. These experimental results, 
as well as results for the angular distribution of the elastic 


counters 








scattering of 80 and 130-Mev mesons by lithium,' will be 
compared with the shapes predicted by various theories. 


* Supported by the joint program of the U.S. Atomic Energy Commission 
and U. 8. Office of Naval Research. 

t Now at Paul Rosenberg Associates. 

t Now at Massachusetts Institute of Technology. 

' Williams, Pevsner, Rainwater, and Lindenbaum, 
765(A) (1954). 


Phys. Rev. 04, 


T7. Elastic Scattering of Pi Mesons from Nuclei. II.* W. F. 
Baker, R. E. Wititams,t anp J. Rainwater, Columbia 
University.—In order to obtain a quick survey of some of the 
main features of the elastic (plus near elastic) scattering of 
~78-Mev «x* and wr mesons for @>~75°, the differential 
scattering cross sections of a number of elements have been 
measured at a few selected angles. The elements range in Z 
from 3 to 82 to test the gross dependence on nuclear size. A 
few different angles were used to see if the dependence of the 
cross section on A and on the sign of the meson charge varies 
in a regular or an anomalous manner as the angle of scattering 
is varied. The results will be presented and their significance 
discussed. 

* Supported by the joint program of the U.S, Atomic Energy Commission 


and the U. S. Office of Naval Research. 
t Now at Pau! Rosenberg Associates. 


T8. Positive Pion Scattering by Hydrogen at 189 Mev.* 
U. Kruse, H. L. ANperson, W. C. Davipon, anp M. Giicks- 
MAN, The University of Chicago.—Measurements of the 
angular distribution of positive pions scattered by liquid 
hydrogen have been carried out at energy 189 Mev. These 
were for the purpose of making a phase shift analysis carried 
out to complement the negative pion measurements by 
Glicksman' at 187 Mev. The differential cross sections in 
millibarns per steradian in the center of mass system were as 
follows: 


Center of mass Differential 


angle x cross section 

(degrees) (mb /sterad) 
40.3 23.3416 
75.7 90+09 
106.6 89410 
133.4 18.741.5 
157.1 25.6 42.7 


Numerical integration of these results gave 195.0+10,8 mb 
for the total cross section. The same cross section was deter- 
mined in an independent way by means of a transmission 
measurement, with the result, 194.145.2 mb. 

* Research supported by a joint program of the U. S. Office of Naval 


Research and the U. S, Atomic Energy Commission. 
1M. Glicksman, Phys. Rev, 95, 1045 (1954), 


T9. Absorption of Pions in Carbon and Nitrogen.” I. 
Am™iraju, M. Rinenart, K. C. RoGers, anp L. M. Leper- 
MAN, Columbia University.—Negative pions were moderated 
and brought to rest in the gas of the Nevis diffusion cloud 
chamber, filled consecutively with 2 atmos of ethylene 
(CsH,) and 2 atmos of nitrogen. Using residual range vs 
curvature as criteria for distinguishing stopping #~ and » 
mesons, we find 88+2 percent of the muon stopping in CyH, 
undergo 6 decay. Fifty (+20) percent of the muon absorptions 
lead to charged particle emission. The star prong distribution 
of the observed pion stars in ethylene and nitrogen are 


“No. of Prongs 


Light Nucleus 0 1 2 3 4 5 
Carbon (386 stars) 11.7 15.0 249 38.8 91 Os 
Nitrogen (255 stare) 13.3 17.7 148.4 429 49 24 


In carbon, the dominant 3-prong reaction is #° +C"*--2a 
+ip+3n, while the 4-prong stars predominantly follow 
the reaction: r~+C"%-+la+3p+5n. The 3-prong stars are 
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analyzed and compared with the theory of Clark and Ruddels- 
den.' Energy distribution of the a particles give evidence for a 
specific absorption mechanism rather than for a statistical 
distribution of the meson rest energy. Evidence is obtained 
for the formation of an intermediate state in the 3-prong 


AND TA 


reaction: r~+C'*-+(Be*)*+1p+3n; (Be*)*-—+2a. Additional 


details will be presented. 


* Supported by the joint program of the U. S. Atomic Energy Commission 
and U. S. Office of Naval Research. 


1A. C. Clark and S. N. Ruddelsden, Proc. Phys. So 


A44, 1064 (1951). 





SATURDAY MORNING AT 9:30 
McAlpin, Red Room 
(N. M. KRo_t, presiding) 


Theoretical Physics, Including S-Matrix, Atomic Theory 


TAI. A Variational Principle for the Total Scattering Ampli- 
tude. J. Mayo Greenperc, Rensselaer Polytechnic Institute.— 
There has recently been developed! a new variational principle 
for the total scattering amplitude. By a suitable modification, 
the formulation divides the scattering amplitude into its real 
and imaginary parts and, in fact, exhibits the Born approxima- 
tion as the first approximation to the real part. In those cases 
where it is important to know the phase of the scattering 
amplitude as well as its magnitude this is a very convenient 
separation. The type of trial functions to be used are those 
involving the difference between the wave function and its 
asymptotic form. This makes it unanalytically possible, in 
some cases, to use the soft sphere* wave functions to obtain a 
result which is probably better than the second and perhaps 
the third Born approximation. 


'S. I, Rubinow, Phys. Rev, 96, 218 (1954). 
*. W. Montroll and J. M. Greenberg, Phys. Rev. 86, 889 (1952). 


TA2. Variational Expressions for N-Channel Collision 
Parameters. J. L. MCHALe anv R. M. THALER,* Los Alamos 
Scientific Laboratory.—The formulation described earlier’ to 
calculate the scattering matrix for two coupled states has 
been extended to treat schematically the reaction a + Y—-b+Z 
with N exit channels including the incident channel. Following 
Wheeler,’ we assume that the radial channel functions satisfy 
a system of N simultaneous integro-differential equations. 
One set of N independent vectors u‘ satisfying these equations 
has the asymptotic form: uj'~ F6;; +X ;'G;, where F; and G, 
are the regular and irregular solutions of the homogeneous 
equation in channel j with i,j <.N. Here X 6 =k; fo"dr' F;(r’) 
K Sordr”! TN Viale ruil’), where Vjelr’.r’’) = Vas" (rr) 
is Wheeler's generalized potential? coupling channels j and &. 
In principle Vj, is determined by the potentials and internal 
wave functions. Time reversal or flux conservation show 
that X;‘ is symmetric. The 4N(N+1) collision parameters 
X;* completely characterized the collision. Schwinger-type 
variational expressions for Xj,‘ are presented which are 
stationary to first order variations of u;'. 

* Work done under the auspices of the U.S, Atomic Energy Commission. 

‘J, L. McHale and R, M. Thaler, Bull, Am, Phys. Soc, 29, 25 (1954), 


abstract OB, 
* John A. Wheeler, Phys, Rev, 52, 1107 (1937). 


TA3. S-Matrix in Terms of Phenomen Collision 
Parameters. R. M. THacer anp J. L. McHa.e,* Los Alamos 
Scientific Laboratory.—Formally, the scattering matrix and 
the collision parameters discussed in the preceding abstract 
are easily related. The solution of the collision complex is a 
linear combination of the N vectors u‘ such that 


Lin nus’ ~njF; +G; Lin i X jf men, (F; +G; tané;), (1) 
where 4, is the phase shift in channel j. Diagonalization' of 


the S-matrix requires that all components of the wave-function 
have the same phase shift 6 which implies the eigenvalue 


problem Xn =n tan. The N eigenphase shifts # are then 
given by the roots of the secular determinant, || X ;‘—6;; tand“ 
=0. Since X;‘ is real and symmetric, the roots of the secular 


determinant are real, and for nondegenerate roots, the 
mixture parameter eigenvectors are orthogonal, i.e., Djjn/ 


=. Therefore, the components of the N eigenvectors 7“ are 
the elements, row by row, of the orthogonal matrix which 
diagonalizes X;'. The eigenphase shifts & and the matrix of 
mixture parameters /* thus determine the 
S-matrix. 


completely 


* Work done under the auspices of the U. S. Atomic Energy Commission 
' J. M. Blatt and L. C. Biedenharn, Revs. Modern Phys. 24, 258 (1952). 


TA4. On the Construction of Noncentral Potentials from 
the S-Matrix. RoGer G. Newron* anp Res Jost, Institute 
for Advanced Study,—The procedure! of obtaining the potential 
from the knowledge of the bound states and the phase shift 
or the S-matrix as a function of the energy has been generalized 
to systems of differential equations. The purpose of this work 
is the application to certain restricted kinds of noncentral 
potentials and specifically to that of the tensor force and 
spin-orbit coupling. It was found that some of the previous 
procedures, in the scalar case, do not admit of a simple 
extension to the present case. In particular, the problem of 
obtaining the value at the origin of the wave function whose 
asymptotic value at infinity is exp(ikr), from the S-matrix, 
is significantly more involved than in the one-dimensional 
case. As a result, not every unitary S-matrix, however well 
behaved at high energies, leads to a potential with finite 
first and second absolute moment. The introduction of the 
centrifugal barrier with its r~* singularity at the origin also 
leads to difficulties more severe than in the scalar case. 

* Frank B. Jewett Fellow 


'See Res Jost and Walter Kohn, Kgl. Danske Videnskab. 
Mat.-fys. Medd. 27, No. 9 (1953) and references therein 


Selskab, 


TAS. On the Decomposition of the Generalized Duffin- 
Kemmer Algebra. K. M. Case, University of Michigan. 
The decomposition of the generalized Duffin- Kemmer algebra, 
defined as the enveloping algebra of n abstract quantities 8,, 
Bs, . . . Ba which satisfy the relations 


ByPB, +B,BBy = 


has been given by Kemmer and others.' These authors stress 
the analogy with the Dirac algebra. This connection is shown 
to lie deeper on the basis of an elementary derivation of the 
decomposition using only properties of the Dirac algebra. 
This treatment, which has much in common with the simple 
decompositions which have been given for n =4,? shows that 
all the Kemmer results, for example the occurrence of “twin 
algebras,"’ are the result of corresponding spinor properties. 
The formulas for the decomposition are simplified by this 
approach and permit some useful generalizations. Transforma- 
tion properties of irreducible constituents may be obtained 


5 rB, +brBy, 
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by inspection. Some applications to wave equations in higher 
dimensional spaces are indicated. 

'N. Kemmer, Proc. Cambridge Phil. Soc. 39, 189 (1943). 

* A. Klein, Phys. Rev. 82, 639 (1951). 


TA6. The Nonrelativistic Limit of Spin k+ 4 Particle Wave 
Equations. P. A. MoLpaverR AND K. M. Case, University of 
Michigan.—The Dirac-Pauli-Fierz theory for half-integral 
spin particles is investigated in the nonrelativistic limit. 
Starting from the Rarita-Schwinger' formulation of the theory, 
the wave function pyiwe . . . we (symmetric) which describes 
a particle of spin k+4 is reduced with respect to the three- 
dimensional rotation group and the superfluous components 
are eliminated. The Hamiltonian is calculated to order 1/m* 
and the intrinsic magnetic dipole and electric quadrupole 
moments are found. In addition the spin-orbit coupling and 
Darwin type terms are obtained. 


! Rarita and Schwinger, Phys. Rev. 60, 61 (1941). 


TA7. Joint Probabilities and Transition Probabilities in 
Differential-Space Quantum Theory. Norbert WIENER, 
Massachusetts Institute of Technology, AND ARMAND SIEGEL,* 
Boston University.—In our theory of quantum systems! the 
statistical predictions ordinarily obtained from the wave 
function are obtained from an ensemble of deterministic 
systems each of which has a sharp value for every observable. 
The values over this ensemble for two observables correspond- 
ing to two noncommuting operators in ordinary quantum 
mechanics are, necessarily, imperfectly correlated, and it is of 
interest to find their joint probability distribution. Suppose 
they correspond to quantum-mechanical operators R and 
S =exp(—7KA)R exp(iKA) ; K is Hermitian. We have obtained 
the joint probability to first order in X, i.e. valid for S close to 
R: given a wave function p(x) = Lasgi(x) = Za,’ ¢;' (x), 
gi(x) and ¢;'(x) eigenfunctions of R and S, respectively. 
Then for the ensemble corresponding to ¥(x), prob.{|R =R,, 
S =S;} =[|a;|*|a;’|*— |a;|*|a;’|*], for ij; (. . .], means 
the positive part of the quantity inside brackets. If K is the 
Hamiltonian and \ the time, this expression is |a,|? times the 
probability that a system (of the ensemble corresponding to 
¥) having R=R;, at time zero will make a transition after a 
(small) interval \ to R = R,. 

* Work of this author supported by Office of Naval Research. 


'N. Wiener and A. Siegel, Phys. Rev. 91, 1551 (1953); also a forthcoming 
article ‘The differential-space theory of quantum systems.” 


TA8. The Determination of the Scattering Potential from 
the Spectral Weight Function.* I. Kay anp H. E. Moses, 
New York University.—By generalizing the method of Gelfand 
and Levitan! it is shown that in many cases the potential can 
be obtained uniquely from the spectral measure function, if 
we specify the asymptotic behavior in some representation 
of the eigenstates of the total Hamiltonian H associated with 
the measure function. In contrast to earlier treatments where 
one restricts oneself to an unperturbed Hamiltonian Ho and a 
representation such that the Ho is a second derivative operator 
and the potential is diagonal, the procedure described is quite 
general: Hp may have almost any character, and the potential 
need not be diagonal in the representation in which the 
asymptotic description of the eigenfunctions is specified. The 
transformation U which maps the eigenfunctions of H» into 
these of H and U™ are given triangular properties in the 
specified representation. U and U~! then satisfy a Wiener-Hopf 
equation which involves the spectral measure function. In 
many cases the solution for U’, U™ can be obtained explicitly 
in terms of the spectral measure function. The potential can 
then be obtained from these operators. 

* The research reported in this article was done at The Institute of 
Mathematical Sciences, New York University, and has been made possible 
through support and sponsorship extended by the U. S. Air Force, Air 
Force Cambridge Research Center. 


' Il. M. Gelf and B. M. Levitan, Izvest. Akad. Nauk §.S.S.R. Ser, Math. 
15, 309 (1951) 
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TA9. Vacuum Polarization and Proton-Proton Scattering.* 
L. L. Fotpy,t Case Institute of Technology, anp E. ERIKSEN, 
University of Oslo.—An attempt has been made to detect 
the presence of effects of vacuum polarization in currently 
available experimental data on proton-proton scattering. In 
spite of the smallness of these effects and relatively large 
errors in the data, it appears that the data substantiate the 
predicted vacuum polarization effects in the electrostatic 
interaction of heavy charged particles, if one assumes the 
nuclear potential has a Yukawa shape. By correcting the 
available data for these effects, new values are obtained for 
the zero energy scattering length and effective range of the 
specifically nuclear interaction between two protons. 

* Supported ” the National Science Foundation, European Council for 


Nuclear Research, and Norges Naturvitenskapelige Forskningsrad. 
t Fulbright and Guggenheim Fellow during portion of this research. 


TA10. A Covariant Formalism Describing the Polarization 
of Spin One-Half Particles. L. Micue., Institute for Advanced 
Study, and A. S. WiGurman, Princeton University.—We 
denote by u(p,s), the state of a spin $ particle of four momen- 
tum p and mass m +0, whose spin is polarized along a space 
like four pseudo-vector s, such that s-p =0, s*= —1. Then the 
projection operator onto u(p,s) may be written 

Pap(p,s) = (iu) watig = (4m J"C1 —yo8 Jim +p) 
(We use Feynman notation.) s, is the generalization of the 
Stokes pseudo-vector and is the expectation value of ywyy,. 
For a mixture, the degree of polarization is (—s*)'. For m0, 
we have 

Pap’ = (u*uy uaug* = (Apo) (1 —ye8(r +8) pve 
where 87 is a transverse polarization vector and & is the 
amplitude for circular polarization. These formulas permit 
one to make covariant polarization calculations in terms of 
traces. 


TA11. A Problem in Shower Theory——“Approximation A.” 
R. C. O'Rourke, Naval Research Laboratory.-The Bhabha- 
Heitler method of solving the shower equations in “approxi- 
mation A" has been applied to the situation in which a beam 
of photons with a prescribed spectrum is incident upon a thick 
target. The mathematical aspects of the work are an immediate 
and direct extension of the classic work of Bhabha Heitler' 
and N. Arley,? who treated primary monoenergetic electrons 
and photons respectively. The contribution of the present 
work lies perhaps more in the numerical results which have 
been obtained on the Naval Research Laboratory electronic 
digital computer. The numerical work completed so far is 
for the ideal primary spectrum kN(o0,k) equals a constant, 
i.e., the high energy Bremstrahlung shape. The results can be 
usefully employed in the calculation of photonuclear yields 
in thick targets. 
creat J. Bhabha and W. Heitler, Proc. Roy. Soc, (London) A159, 432 


’ N. Arley and B. Eriksen, Kgl. Danske Videnskah. Selekab, Mat.-fys, 
Medd. 17, No. 11 (1940). 


TA12. Wave Functions and Transition Probabilities for 
Light Atoms.* Huseyin Yitmaz,t M.I.T.—(Introduced by 
Philip M. Morse).—A new method of taking electronic 
correlations into account is presented. This method differs 
from conventional configuration methods in its generality, 
simplicity, and interpretation. However, due to the particular 
choice of perturbation series, there are substantial similarities. 
The computation is based on a function, the S-function, which 
was tabulated beforehand. This function is a bilinear Laplace 
transform of the Green's function and has various useful 
properties. The method is applied to the (1s*2s*2p*) configura- 
tion of Cy, Ny, Our, and Fry. A few significant terms are 
identified which take care of 60-80 percent of the discrepancy 
between experimental and theoretical values of multiplet 
separations. The spin-orbit separations and nebular transitions 
are calculated. With a slight modification of the 2p wave 
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function it is seen that substantial agreement with experiment 
can be obtained. 


* Work su by the Office of Naval Research. 
1 Now at vens Institute of Technology. 


TA13. Theoretical Evaluation of the Binding Energy of 
HEH.* A. A, Evert, Yale University.—The variational 
method developed by Coolidge and James for molecular 
hydrogen has been applied to the helium hydride ion, extend- 
ing the earlier work of Coulson and Duncanson! and of Toh.? 
Several terms not considered previously in the power series 
expansion of the wave function in elliptical coordinates were 
found to be very effective in increasing the binding energy. 
Wave functions with 23 terms are being considered and the 
results will be presented. A 10-term function gives a binding 
energy, uncorrected for zero-point energy, of 1.56 ev; this is 
to be compared with 1.28 ev reported by Toh for a 12-term 
function. The inclusion of additional terms shifts the equilib- 
rium interatomic separation to values larger than that found 
by Toh, thereby bringing the potential energy curve more in 
accord with that obtained by the use of refinement of the 
electron pair and molecular orbital procedures.' 


' Coulson and Dunecanson, Proc, Roy. Soc. (London) A165, 104 (1938). 
* Toh, Proc. Phys. Math, Soe. Japan 22, 119 (1940), 


AND V 


TAI4. Inertial Effects and Dielectric Relaxation. E. P. 
Gross, Syracuse University.—We study the dielectric response 
of a dilute solution of polar molecules in nonpolar compressed 
gases. As the pressure is lowered to several hundred atmos- 
pheres, the collision frequency decreases; the dipoles’ inertia] 
response causes large deviations from the absorption and 
dispersion predicted by the Debye equations. We assume 
collisions are instantaneous and formulate kinetic equations 
with a variety of collision kernels. One model is a soft impact 
theory which extends Debye’s Brownian motion theory to 
include inertial effects. Other cases involve strong collisions 
and partial specular reflection. A common feature is that the 
Debye shape is found at high pressures. Inertial corrections 
are important between one and a few hundred atmospheres; 
they depend on the model. Another common feature is the 
connection of Debye spectrum with the discrete rotation lines. 
The collision frequency 1/t increases with increasing gas 
pressure ; at low pressures it is proportional to the width of a 
rotation line. At high pressures when the Debye shape is 
found, the relaxation time ¢* is given by t* =1/t(//kT). Here 
I is the moment of inertia of the dipole, & is Boltzmann's 
constant, and T is the temperature of the non-polar gas. 





SATURDAY MorNING AT 9:30 
New York University, Vanderbilt Hall 


(G. R. CoLiins, presiding) 


Invited Papers on Nuclear Polarization 


Ui. Experiments on High-Energy Polarized Protons. Euimio Secret, University of California, 
Berkeley. (30 min.) 

U2. Recent Work with Polarized Protons at Harwell. 
Establishment, Harwell, England. (30 min.) 


Basti Rose, Atomic Energy Research 


Invited Papers on Nuclear Instrumentation 


U3. Plans of CERN for its Laboratories. C.J. Bakker, University of Amsterdam, Holland, (30 min.) 

U4. Beam Extraction of the Liverpool Synchrocyclotron. A. V. Crewe, University of Liverpool, 
England. (30 min.) 

US. Bubble Chambers for Experiments in High-Energy Nuclear Physics. )). A. GLaser, University 
of Michigan, (30 min.) 





SATURDAY AFTERNOON AT 2:00 
Manhattan Center, Masonic Room 


(G. L. PEARSON, presiding) 


Semiconductors, II 





V1. Relaxation Effects in Field-Induced Surface Conduc- 
tance.* R. H. KinGston anp A. L. McWuorter, M. J. T. 
The modulation of the surface conductance of germanium by 
an external field' has been found by Morrison® to exhibit a 
transient behavior. Upon application of an electric field normal 
to the surface of a thin single crystal of germanium, the 
conductance changes abruptly and then relaxes to its original 
value in a time of the order of 0.1 to 10 seconds. To obtain a 
more quantitative picture of the surface behavior this effect 
was studied by measuring the conductance variation with a 
sinusoidal signal applied to the field electrode. The frequency 
response, which was constant above a frequency between 
100 and 1000 cps, decreased as logf such that the extrapolated 


response fell to zero at frequencies from 10~® to 10™ cps. 
[his logarithmic behavior was observed over several decades 
and actual measurements were made down to 107 cps. This 
behavior may be explained by postulating traps in or on the 
surface oxide layer, having relaxation times, 7, such that the 
number of traps per unit relaxation time is proportional to 1/r. 

* The research in this document was supported jointly by the U. S 
Army, Navy, and Air Force under contract with the Massachusetts 
Institute of Technology. 


'W. Shockley and G. L. Pearson, Phys. Re. 
2S. R. Morrison, provate communication 


74, 232 (1948). 


V2. Surface Traps and 1/f Noise in Germanium.* A. L. 
McWuorter, M./.7.—The distribution of trapping time 
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constants found in the preceding paper can also explain 1/f 
noise in germanium filaments. The wide range of time con- 
stants, which seem to require that the traps be in the oxide 
layer, could arise from a distribution of trap energy levels, but 
not a uniform one as has sometimes been proposed. However, 
if the traps are filled by tunneling from the germanium, then 
an approximately uniform distribution of either barrier 
heights or widths leads to the desired result. Such a variation 
in barrier widths would naturally result if the traps were 
homogeneously distributed throughout the oxide layer. On 
the other hand, if the traps arise from absorbed ions, fluctua- 
ticns of the oxide thickness over the surface would give the 
required variation of barrier width. The lack of a strong 
temperature dependence of 1/f noise seems to favor the 
tunneling hypothesis. 

* The research in this document was supported jointly by the U. 8S. 


Army, Navy, and Air Force under contract with the Massachusetts 
Institute of Technology. 


V3. Carrier Effective Masses in Germanium.* James M. 
GOLDEYT AND SANBORN C, Brown, M.J.T.—Current carriers 
in a medium make a contribution to its dielectric coefficient. 
An experiment, similar to those of Benedict and Shockley,' 
which utilizes this effect has been performed to determine the 
effective masses of electrons and holes in germanium? by 
measuring its microwave dielectric coefficient at several 
temperatures. The dielectric coefficient was determined by 
measuring the complex transmission coefficient for 24.15 
kilomegacycle radiation through a thin slab of germanium. 
The values obtained for the effective masses were M* = (0.09 
+0.05)M, for electrons and M* = (0.30+0.05) Mo for holes. 
These results are in agreement with those obtained by cyclo- 
tron resonance® and magnetic susceptibility measurements,‘ 
but disagree with those of Benedict and Shockley.' 

* This work has been supported in part by the Signal Corps; the Office of 
Scientific Research, Air Research and Development Command; and the 
Office of Naval Research. 

+t Now at Bell Telephone Laboratories. 

1T. S. Benedict and W. Shockley, Phys. Rev. 79, 1152 (1953); T. S 
Benedict, Phys. Rev. 91, 1565 (1953). 


?The germanium was kindly supplied by Dr. J. A. Hornbeck of the 
Bell Telephone Laboratories and Professor J. E. Thomas of the Lincoln 
Bh 


Laperetes M.lI. 
ax, Zeiger, Dexter, and Rosenblum, Rev, 93, 1418 (1954); 
ms. Zeiger, and Lax, Phys. Rev. 95, 557 (1954). 

‘J. H. Crawford and D. K. Stevens, Phys. Rev. 94, 1415(A) (1954). 

V4. Hall Mobility of Optically Excited Carriers in Ger- 
manium. W, W. TyLer AnD R, NewMan, General Electric 
Research Laboratory.—Hall mobility measurements of optically 
induced carriers have been made in high-resistivity Au,'? Fe,* 
induced carriers have been made in high-resistivity Au-,'? 
Fe-,2 Co-,2 and Ni-doped* Ge crystals in the temperature 
region from 200°K to 77°K. Preliminary studies yield the 
following results. In the spectral region of impurity absorption 
(hv <0.7 ev) where sensitivity permitted measurement, 
carriers generated in p-type material (Au-doped sample) were 
observed to be holes; carriers generated in n-type material 
(Au-, Fe-doped samples) were observed to be electrons. In 
the region of intrinsic absorption, although electrons and 
holes are generated in pairs, Hall mobility measurements 
indicate that the photoconduction is due primarily to electrons 
in both n- and p-type high-resistivity samples. This suggests 
that in the materials studied hole trapping is the important 
photoconductive process, consistent with the double acceptor 
model. In contrast, for a high-lifetime, n-type, undoped crystal 
containing about 2 X 10" low ionization energy donor atoms per 
cm‘, results indicated normal mobility for optically excited 
electrons and holes. 

1W. C. Dunlap, Jr., Phys. Rev. 91, 1282 (1953). 

*R. Newman, Phys. Rev. 94, 278 (1954). 


+W. W. Tyler, R. Newman, and H. H, Woodbury, Phys. Rev. (papers 
to be published). 





VS. Hall Effect in p-Type Germanium. CoLMan GOLDBERG 
AND R. E. Davis, Westinghouse Research Laboratories.—The 
Hall coefficient has been measured for samples of p-type 
germanium as a function of temperature from 77°K to 310°K 
and as a function of field from 15 gauss to 3500 gauss. The 
Hall coefficient decreases with increasing field, Ro being as 
much as 30 percent higher than Ryo00(Ro=limy.oRn). This 
difference is important since it is Ro that must be used for 
comparing experimental results with low field theory. At 
77°K the Hall coefficient “‘saturates,"’ being constant above 
about 1500 gauss. At higher temperatures the Hal: coefficient 
does not saturate with the magnetic fields used here. Ro 
decreases with decreasing temperature but is less temperature- 
dependent than Ryooo so that while Roo. has a temperature 
dependence of approximately 7~'* (in agreement with 
previously reported results') Roop has a temperature depend- 
ence of approximately 7~*". The temperature dependence of 
the conductivity mobility is found to be approximately T™* +, 
The value of the ratio Rooo/u is higher than the ratio py /p 
reported by Morin? 


iP. P. Debye, Phys. Rev. 91, 208 (1953), 
*F. J. Morin, Phys. Rev. 93, 62 (1954). 


V6. Studies of Crystal Growth, and Electrical and Optical 
Properties of Gray Tin. J. H. Becker, National Bureau of 
Standards.—Smooth, coherent films of gray tin have been 
prepared by transforming films of white tin bonded to a 
substrate material. Increased grain size results from increasing 
the grain size of the white tin crystals, decreasing the speed 
of transformation, and choosing combinations of sample 
thickness and bonding agents. This technique involves some 
features similar to those reported by Ewald' and Groen and 
Burgers,? through initiated independently of them. For an 
n-type sample (5X10'*/cc), investigations at 5°K with 
light 140 u show a photoresponse corresponding to a forbidden 
energy gap 0.075 +-0.005 ev, but no transmission at 78° or 5°K 
(i.e. <10™ at 104 and <107* at 20, sample 304 thick). Hall, 
magneto Hall, resistivity, and magnetoresistance effects 
observed on similar samples from 286°K to 2.5°K give a 
forbidden energy gap at 0°K of 0.085 +0.005 ev and mobility 
of electrons of about 2000, 30000, and 13000 cm*/volt-sec 
at 273°, 78°, and 5°K, respectively.'* 

of W. Ewald, Phys. Rev. 94, 1428(A) (1954). 

L. J. “ceee and W. G. Burgers, Koninkl. Nederl, Akad. V. Wetensch, 
BS? ‘79 (1954). 


1G. Bush and E. Mooser, Helv. Phys. Acta 26,697 (1953); J. T. Kendall, 
Phil. Mag. 45 (1954), 


V7. Optical Absorption in Single Crystals of Ge and Si. 
W. C. Dasu, R. Newman, anv E. A. Tart, General Electric 
Research Laboratory.—Optical absorption measurements were 
made on polished single crystals of high-purity silicon and 
germanium ranging in thickness from 5 mm to less than 1 
micron. Absorption constants up to 10° cm™ were measured. 
For silicon, the absorption constant was found to be consider- 
ably lower in the range from 1.2 ev to 3.3 ev than is indicated 
by published data.' For germanium, our results differ from 
evaporated film data* (hp>0.8 ev). In each absorption 
constant vs photon energy curve a marked change in slope 
occurs. For silicon it occurs at about 1.5 ev (absorption 
constant is ~10* cm™) and for germanium at about 0.8 ev 
(absorption constant ~5 108 cm™). Such a break is con- 
sistent with the theoretical analysis of Hall et al.* Absorption 
measurements on evaporated films of silicon in sealed tubes 
were made for comparison with the single-crystal data. 

' See T. S. Moss, Photoconductivity in the Elements (Academic Press, Inec., 


New. York, 1952). 
H. Brattain and H. B. Briggs, Phys. Rev. 77, 1705 (1949). 
: Hall. Bardeen and Blatt, Atlantic City Photoconductivity Conference 
(to be published). See also Hall, Bardeen, and Blatt, Phys. Rev. 95, 559 


(1954). 


V8. Effect of Pressure on the Electrical Properties of InSb.* 
DonaLp LonG anp Park H. Miter, Jr., University of 
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Pennsylvania.—The pressure dependence of the resistivity of 
InSb was measured up to 2000 atmospheres at 24.3°C and 
47.3°C. The samplet was intrinsic in the range of interest. 
The resistivity is an exponential function of pressure and 
increases by a factor of 2 for 2000 atmospheres at 24.3°C. If 
it is assumed that this change in resistivity is caused by an 
increase in energy gap and that the behavior of InSb with 
pressure approximates that of a classical semiconductor, 
these measurements lead to a value for the increase in energy 
gap of about 1810~* ev/atmos. Preliminary experiments 
indicate that the Hall constant increases with pressure in a 
similar manner. 

* This work supported by U. S. 


1 InSb sample was provided by I 
Bureau of Standards. 


V9. Effect of Pressure on the Absorption Edges of Tel- 
lurium. L. J. Neurincer, University of Pennsylvania.* — 
Tellurium has two separate absorption edges! depending on the 
angle between the polarization of the incident radiation and 
the crystallographic axis. A single crystal of tellurium was 
placed in a high-pressure chamber equipped with sapphire 
windows and freon-113 as hydrostatic fluid. The radiation 
from the monochromator was polarized by means of selenium 
films mounted at the Brewster angle. For radiation polarized 
parallel to the C axis of the crystal the energy gap shifts by 
~—1.9X10~* ev/atmos. Loferski' has measured the shift of 
the absorption edge with temperature and found it to be 
~-—3X10~* ev/°C. The observed pressure shift corresponds 
to a lattice dilation effect of ~210~ ev/°C. Consequently 
the interaction between the electrons and the new phonon 
spectrum should account for a shift of ~—2.3 K10™ ev/°C. 
Preliminary measurements show that for the E vector perpen- 
dicular to the C axis the energy gap also decreases to an 
extent which has not yet been accurately determined. 


* Work supported by a U. S. Navy contract. 
1J, J. Loferski, Phys. Rev, 93, 707 (1954). 


V10. Effect of Pressure on the Optical Absorption Edge 
in Silicon and Germanium.{ D. M. Warscnaver, M.J.T. AND 
W. Pau anv H. Brooks, Harvard University.—The effect of 
pressure on the optical absorption edges of germanium and 
silicon has been measured in the pressure range 1 to 8000 at- 
mospheres. The result of isoabsorption plots for germanium 
(a =10 to 70 cm™) is a change of optical energy gap with pres- 
sure = (8.94-0.5) X10~" ev dyne™ cm’, in agreement with the 
findings of Spitzer et al. at lower pressures. However, if an at- 
tempt is made to extrapolate from the measured absorption co- 
efficients to find the minimum energy gap, assuming the form 
of transition probability used by Hall, Bardeen, and Blatt, it is 
possible to obtain a shift in closer agreement with the con- 
ductivity gap shift of 5.5 10~-" ev dyne™ cm*. Although the 
proper form for the absorption coefficient due to indirect 
transitions, to which the energy gap and shift with pressure 
are quite sensitive, is in some doubt, fitting the experimental 
results to any of several possible forms brings the deduced 
shift closer to the electrical values than the isoabsorption 
plots. In silicon, although our value of the gap shift determined 
from isoabsorption plots (approximately —210~" ev dyne™! 
cm?) is at present less precise than that for germanium, the 
energy gap decreases with pressure contrary to the results of 
Spitzer. 

t This research was supported jointly by the U. S. Army, Navy, and 


Air Force, under contract with the Massachusetts Institute of Technology, 
and by Harvard University. 


Vil. The Pressure Dependence of the Resistivity, Hall 
’ Effect, and in Germanium.* G. B. Bene- 
pEK, M.I.T., AND W. Paut Anp H. Brooks, Harvard Univer- 
sity.—-Measurements of the electrical resistance, Hall constant, 
and longitudinal and transverse magnetoresistance have 
been made at 0°C as a function of pressure in the range 


9! contract. 
Jr. R. G. Breckenridge of the National 


1-10 000 kgs/cm?* on samples of n- and p-type germanium in 
each of which the carriers are of one type and their concentra- 
tion is independent of pressure. In n-type Ge, the increase in 
pressure to 10 000 kgs/cm* at 0°C produces a 4.25 percent 
increase in the Hall constant and a 7.68 percent increase in the 
electrical resistivity. The percentage changes in the magneto- 
resistive coefficients Ap/p=M produced by 10000 kgs/cm? 
are as follows: 

M00, M00", 


—7 percent; 


—9.5 percent; 
Mio, 


7 
/ percent; 


Mio, —12 percent. 


No correction for the much smaller dimensional changes has 
been made for either m or p type. In p-type material it was 
found that for fields down to 600 gauss fourth-order terms in 
the magnetic field contribute appreciably to the magnetoresis- 
tance, while the Hall constant is independent of the magnitude 
of the field for fields below ~2000 gauss. A pressure change of 
10 000 kgs/cm? at 0°C in the p-type material causes a 2.26 
percent decrease in the electrical resistivity and a 4.91 
percent decrease in the Hall constant. The pressure changes in 
the magnetoresistive coefficients in p-type Ge have been meas- 
ured but their interpretation is complicated by the contribu- 
tion of terms higher than the second order in the magnetic 
field strength. 


* The research in this document was supported jointly by the U. S. 
Army, Navy and Air Force, under contract with the Massachusetts 
Institute of Technology, and by Harvard University. 


V12. (Abstract withdrawn.) 


V13. Electronic States in a Perturbed Periodic Lattice. 
PAULA Frvuer, Purdue University.—Solutions of the one 
dimensional Schroedinger equation for a periodic potential 


modified by a perturbing potential are expressed aw ¥(x) 
Lo(x,)a(x —x,). a(x—x,) is a Wannier function © ~<alized 

around the kth atom of the crystal and associe ith 

particular permitted band; the coefficients @ m isfy 


differential equation of infinite order.' W, B, K, solutions ot 
the equation for @ have now been obtained 


band 


cul 1 f if i; ; 
(x) “Toa cv exp| 5 f p(x)ds | +9 € ‘| sj p(x)de |}, 


where p(x) = p(E — V(x)) is the local effective momentum and 
v(x) is the velocity of a wave packet constructed from Bloch 
waves with effective momenta in the neighborhood of p(x). 
In the neighboring forbidden bands ¢(x) decreases exponen- 
tially with distance from a band edge. Various types of 
perturbing potentials have been considered and quantum 
conditions have been derived for impurity states and for 
states in which the permitted band is crossed. 


in a permitted 


1 J. C. Slater, Phys. Rev. 76, 1592 (1949 

V14. An Interpolation Scheme for Energy Bands in Solids.* 
L. C, ALLEN, M.I.T.—The orthogonalized plane wave method 
is formulated as an interpolation scheme for use in conjunction 











with calculations made at symmetry points in the Brillouin 
zone. The Fourier coefficients of the crystal potential and 
the matrix components of the Hamiltonian between core 
functions are treated as parameters to be fitted to other 
calculations made at symmetry points by such methods as the 
cellular, orthogonalized plane wave, and augmented plane 
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wave. The interpolation scheme then provides a method for 
making calculations at a general point in the Brillouin zone. 
The scheme is most useful for the case of valence and excited 
states where the wave function on one center overlaps many 
of its neighbors. 


* Supported in part by the Office of Naval Research 





SATURDAY AFTERNOON AT 2:00 


New Yorker, Panel Room 


(P. Kuscu, presiding) 


Molecular-Beam, Optical, Biological Physics 


VA1. New Method for Investigating the hfs of a Metastable 
State.* J. Heserte, H. Reicu, anp P. Kuscn, Columbia 
University.—An atomic-beam method has been developed 
for measurement of the hfs of the metastable 2*S! state of 
hydrogen. The Zeeman levels of the 22S! state are classified 
as a(m,= +4) or B(m, = —4) according to the high-field value 
of m,. Molecules of Hz or D, are dissociated in a hot tungsten 
oven. An 11-ev electron beam excites the atoms to the a and 8 
states in a field of approximately 580 gauss. The 8 atoms are 
quenched immediately after formation because their lifetime 
in such a field is only about 5 X10~* sec.! The remaining a 
atoms pass through two successive regions of rf magnetic 
field of variable frequency where transitions to a 8 state are 
induced. The atoms pass on into a second field of 580 gauss 
where the newly formed 8 atoms are quenched. The a atoms 
that remain strike a metal detector plate. Electrons ejected 
from the detector plate are collected. A resonance is observed 
as a decrease in detector current. 

*Work supported jointly by the Signal Corps, the Office of Naval 


Research, and the Air Research and Development Command 
' Lamb and Retherford, Phys. Rev. 79, 549 (1950) 


VA2. Hyperfine Structure of Metastable Hydrogen.* H. 
Reicu, J. HeBerLe, ann P. Kuscu, Columbia University. 
The hfs Av(2.S) of the 2*S, state has been measured by the 
method described in the preceding abstract. The frequency 
vi, Of the transition F=mp=1—~+F=my=0 is given by Av 
+-1.40 Me sec gauss™'; the frequency vx of the transition 
F=1, mp =0—-F=my=0 is given by Av+0.022 2 Mc sec™ 
gauss™*. To determine Av(2S) both vi, and v2, were measured 
in a field of 0.19 gauss. The line width W=v/2L (v is the aver- 
age velocity of the atoms) was reduced to 5.5 kc/sec by making 
the separation L between the two rf region' as large as 40 cm. 
It has been found that Av(2S)x,=177 556.640.3 kc/sec. 
Cheoretically? Av(2.S) is related to Av(15) of the ground state 
by Av(2S) = Av(1S)/(8— 5a). From the two existing values* * 
of Av(lS) one obtains Av(2S)¢neoret=177 556.5540.03 and 
177 556.634+0.007 ke/sec, respectively. Additional measure- 
ments are being made to investigate possible systematic 


errors and to improve the accuracy to 3 parts in 10’. 
*Work supported jointly by the Signal Corps, the Office of Naval 
Research, and the Air Research and Development Command 
'N. F. Rameey, Phys. Rev. 78, 695 (1950) 
2G. Breit, Phys. Rev. 35, 1447 (1930). 
4. G. Prodell and P. Kusch, Phys. Rev 
‘J. P. Wittke and R. H, Dicke, Phys. Rev 


88, 184 (1952) 
96, 530(1.) (1954) 


VA3. The Nuclear Spin and h.f.s. Interaction in 3.1-hr 
Cs'***, D. A. GILBERT AND Victor W. Conen, Brookhaven 
National Laboratory.—An atomic beam magnetic resonance 
experiment has been performed on the 3.1-hr isomer of Cs'™ 





giving the results 7=8h and Av =3684.59440.020 Mc/sec. 
The beam was detected by allowing it to deposit for an arbi- 
trary time on a tungsten target which was then removed and its 
activity counted by a proportional counter. The spin was 
determined from a study of the AF =0 transitions in a range of 
frequencies from a few Mc/sec to about 150 Mc/sec, The 
value of Av was determined from a study of the AF= +1 
transitions in a magnetic field of about 1 gauss. The nuclear 
magnetic moment computed from our data is ~»=1.1040.01 
n.m. with a positive sign. 


*Work performed under the auspices of the U. 8S. Atomic Energy 


Commission, 


VA4. The g Factor of the Electron in the 2S State of 
Hydrogen.*t L. D. Warre,t Princeton University.-Measure- 
ments have been made of the resonances corresponding to 
turning the electron over in the 2S state of hydrogen. The 
method is similar to that of Lamb and Retherford'—a beam 
of 2S atoms passes through a microwave cavity and is de- 
tected by the electrons ejected from a tungsten plate. Atoms 
with electron spins antiparallel to the magnetic field are re- 
moved from the 2.S state by suitable electric fields, The present 
preliminary result is g,/g,=658.231+40.008, where g, is the 
g factor of the free electron and g, is the g factor of the proton 
in a spherical sample of mineral oil (Nujol). About 90 percent 
of the stated uncertainty is in the amount of correction to be 
made for the slight shifts in the energy levels caused by the 
velocity dependent electric field seen by the atoms in moving 
through the magnetic field. The origin of this uncertainty lies 
in insufficient knowledge of the velocity distribution. It is 
expected that further work will decrease this uncertainty, 

* Supported by the U. 8S. Atomic Energy Commission and The Higgins 
Scientific Trust Fund. 

t Dr, KR. H, Dicke suggested the problem and acted as general adviser for 
the research. Biss 


t U.S. Atomic Energy Commission Predoctoral Fellow 1951 
' Lamb and Retherford, Phys. Rev. 79, 549 (1950) and 61, 222 (1951), 


VAS. Triplet Fine Structure of Helium.” 1. H. Maiman 
AND W. E. Lamp, Jr., Stanford University. — The fine structure 
of helium levels Isnp(n'*P,, J=0, 1, 2) is being studied by a 
microwave method, Helium atoms are excited to n'Py by 
electron bombardment and the optical radiation n*?;-+24S, is 
observed with a photomultiplier tube. The intensity of this 
radiation changes when radio waves induce transitions between 
the fine structure levels. Thus, the separation #7?,;--3#*P, is 
found to be 65841 Mc/sec in contrast to the most recent 
optical measurements which indicated a separation of 750 
+300 Me/sec. 


* Research supported by 


the joint program of the Office of Naval 
Research and the U. 8. Atomic Energy C 


ommission. 
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VA6. Oxygen Gas Continuous Absorption in the Extreme 
Ultraviolet. Witttam A. Rense anp R. Mercure, University 
of Colorado.—Measurements of the absorption of oxygen gas 
in the wavelength ranges 1300 A to 1700 A and 100 A to 900 A 
were made by means of a multiplier phototube technique in- 
volving the use of a modified grazing-incidence spectrograph as 
a monochromator. The source for the first range (Schumann- 
Runge dissociation continuum) was a hydrogen-filled Geissler 
tube discharged continuously at 600 volts. Twenty-two 
coefficients were measured in this region with probable errors 
mostly of about 10 percent or less. An oscillator strength 
(f-value) of 0.177 was found for the continuum. A Lyman- 
type capillary (discontinuous discharge at 11 kv) was em- 
ployed for measurements of twenty-one coefficients in the 
region 100 A to 900 A where very strong continuous absorption 
occurs. An f-value of 6.9 was computed. Coefficients beyond 
200 A were very small. Maximum continuous absorption 
occurs at about 590 A where coefficients of about 900 cm™ 
were obtained. Absorption increases abruptly between 800 A 
and 700 A .Near 700 A where structure is superimposed on the 
continuum, coefficients as high as 1080 cm were measured. 


VA7. Investigation of a Quantitative Phase Contrast 
Method for Examining Nonhomogeneous Media. G. C. 
KrueGcer, University of Maine.—Of the optical methods gen- 
erally used in studying the phenomena associated with fluid 
flow fields, viz., the shadowgraph and schlieren methods and 
the Mach-Zehnder interferometer,' only the interferometer 
appears to be suitable for quantitative investigation. Minor 
modifications of these optical systems effectively transforms 
them into a phase microscope.? The final image in a phase 
microscope may be considered as being formed by light 
diffracted by the object superposed on a coherent background 
of undiffracted light. The optical properties of the object can 
be inferred by varying the phase and amplitude of the coherent 
background, these being determined by the optical properties 
of the phase plate. The progress of our investigation will be 
reported. This investigation has been supported in part by the 
University of Maine Coe Research Fund and more recently by 
the National Science Foundation. 

1N. F, Barnes and S. L. Bellinger, J. Opt. Soc. Am, 35, 497-509 (1945). 


‘PF. Zernike, Physica 5, 785-795 (1938); 686-698, 974-986 (1942); 
Proc. Phys. Soc. (London) 61, 158-164 (1948), 


VA8. Electron Effects in Spectral Line Broadening.* Henry 
MARGENAU, Yale University.—The widths of the lines of 
atomic hydrogen emitted in the sun are fairly well explained 
as ionic Stark effects. The broadening by electrons, which are 
as numerous as the ions, is small because they “behave like 
waves.’ We here ask and answer: When do the charged con- 
stituents of a plasma take on particle characteristics? ‘The 
constituents are represented as wave packets whose minimum 
half width is determined by the energy fluctuations of the 
thermal ensemble. This half width is shown to be \h/=(2mkT)}. 
Particle behavior results when \ <a, a being the linear size 
of the atoms with which the charge collides. For the solar 
chromosphere (k7'~ 1 ev) this criterion results in a condition 
upon the mass of the charge: It behaves like a particle when 
m >h*/2a*kT =10~* g. This is satisfied by H ions, but not by 
electrons. 


* Work supported by the Office of Naval Research. 


VA9. Electron Impact Broadening of Spectral Lines of 
Helium.* Bennett Kivet, Los Alamos Scientific Laboratory. 
—Electron broadening has been calculated quantum-mechan- 
ically by extending the treatment of Weisskopf and Wigner for 
the natural width. In accord with the uncertainty principle the 
width of a spectral line is increased compared to the natural 
width when electron collisions decrease the lifetime of the 


initial and final atomic states. Its shape is the same as that of 
the natural line. Using the Born approximation, the proba- 
bility of this electron collision effect is found to depend loga- 
rithmically on the atomic energy separations between these 
atomic states and their neighbors. This is to be compared with 
Holtsmark ion broadening, which is inversely proportional to 
the same separations. Hence, in a plasma the Hel line 3d-—+2p 
will be characterized by electron broadening having a Lorentz 
shape (7*+*)~', since there is no near atomic level to cause 
large Stark shifts. This is probably not so for 4d—+2p because 
of the near 4f level. In addition to broadening, the theory 
predicts that the electrons introduce line shifts. 


* Part of this work is contained in a dissertation presented for the degree 
of Doctor of Philosophy in Yale University. 


VAI10. Line Broadening by Electrons: The Validity of 
Simple Theories. RoLanp E. Meyerort, The RAND Cor- 
poration, AND HENRY MARGENAU, Yale University.—The 
simple theories of line broadening by electron impact are 
compared with the detailed computations of Kivel, Bloom, 
and Margenau, and are found to be in surprisingly good agree- 
ment over the range of temperatures and densities of interest 
in most applications. 


VAI1. A New Method of Microelectrophoresis. ALEXANDER 
Koiin, University of Chicago.—Electrophoresis is carried out 
in a column of nonuniform electrolyte concentration. The 
speed of the ions is a function of the electrolyte conductivity, 
being a maximum in the region of minimum conductivity. The 
mixture of proteins to be separated is introduced so as to form 
a layer of minimum conductivity. When entering the region of 
high conductivity, the migrating protein ions, which formed 
originally a wide belt, are contracted into a narrow line. This 
line contains a mixture of ions which separate rapidly into 
several sharp lines containing the different protein components. 
Combining a pH gradient with the conductivity gradient 
makes it possible to accomplish the separation within a path 
length of a few millimeters. The isoelectric points of the 
proteins lie within the range of the pH variation. Stability 
against thermal convection is achieved by a sharp density 
gradient maintained along the protein ion path. Ions other 
than proteins may also be separated by means of this method. 


VA12. Monte Carlo Methods in the Study of Cell Growth. 
Josern G. HorrMan, Roswell Park Memorial Institute, anv N. 
METROPOLIS AND V. GARDINER, Los Alamos Scientific Labora- 
tories.*—The time of incidence and duration of mitosis in cells 
of transplantable Dba mouse tumors are assumed to be result of 
random processes. The shape of the frequency distribution of 
intermitotic times is determined by the number of random 
events in a cell that lead to mitosis and whether the events 
occur serially in time or simultaneously. Models of cellular 
events and their effect on intermitotic time will be discussed 
Monte Carlo calculations on the digital computer (Maniac) 
were made to study the effect of the distribution of intermitotic 
times on: distribution of population sizes as a function of time, 
age distribution in the population, incidence of mitosis, and 
latent periods in growth of single cells. Results show the dis- 
tribution of population sizes in tumors to be sensitive to the 
intermitotic time distribution. Data on Dba tumor cells grown 
subcutaneously in Dba mouse and in hen embryo yolk-sac 
have Poisson incidence of mitosis in the cell population. This 
is corroborated in the calculations. Subcutaneous growth of 
Dba has a cell number doubling time of 24 hours and behaves 
as if 18 random serial events in the cell determined mitosis. 


* This work supported by the U. S. Atomic Energy Commission. 
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Wi. The Role of Substrate, Surface-Finish, Film-Height, and Temperature in Helium II Film 


Transport. BERNARD Situ, Columbia University. (30 min.) 


Cryogenics, II 


W2. Surface Tension of He*. D. R. Loveyoy, University 
of Toronto.*—The surface tension of He* has been measured by 
a capillary rise method between 1.08 and 2.32°K. A decrease 
of more than 50 percent was observed in this range and this 
supports the ideas on which Atkins’ theory, of the surface 
tension of liquid helium, is based. On the basis of this theory 
the surface tension has been extrapolated to 0°K, where it has 
the value 0.154+0.005 erg cm™*. Above 2.3°K it was extra- 
polated linearly to zero at the critical temperature. The 
Eétvés constant was calculated to be about 0.8. 


* Now at the National Research Council of Canada 

W3. Second Sound Attenuation in Rotating Helium II.* 
C. T. Lane, R. G. WHEELER, AND C. H. BLAKEwoop, Yale 
University.—Evidence is presented to show that the attenua- 
tion of second sound is increased by imparting to the normal 
component of the fluid a constant angular rotation about an 
axis parallel to the direction of sound propagation. Measure- 
ments at 1.32°K, using a pulse technique, are reported for 
various fluid velocities in the range 4 to 33.6 radians per second 
corresponding to linear fluid velocities from 4.4 to 36 cm/sec. 
It is found that the relative pulse height (fluid in rotation 
compared to fluid at rest) is a linear function of the angular 
velocity of the fluid; the ratio being approximately 0.87 at 
4 rad/sec and 0.31 at 33.6 rad/sec. If there exists any effect 
of rotation on the second sound velocity, it appears to be very 
small, 


* Research assisted by a grant from the National Science Foundation. 


W4. Heat Transport and Boundary Layer Resistance in 
He II below 1°K. Henry A. FairBaNk* anv J. WILKS, 
Oxford University.—Our investigation of the thermal conduc- 
tivity of liquid helium in the magnetic temperature range! has 
been extended to a larger tube diameter of 0.80 mm. The 
thermal conductivity increases proportionally with tube diam- 
eter below 0.6°K. The results are consistent with a heat trans- 
port in the liquid due entirely to thermal waves or phonons 
with sufficiently long mean free paths that boundary scatter- 
ing alone limits the conductivity. The Kapitza boundary 
layer heat resistance has been measured from 0.2 to 1°K. For 
heat flowing across a copper-liquid helium interface the heat 
flux per unit temperature drop was found to be proportional 
to T°. 

* On leave during 1954-1955 from Yale University 

'H., A. Fairbank and J. Wilks, Phys. Rev. 95, 277 


1954) 

WS. The Dependence of Transfer Rates of the Helium II 
Film on Film Length.* P. J. FLeminec,t J. H. Wernvz, JRr., 
anD J. R. Dacuincer, University of Wisconsin.—Measure- 
ments have been made of the rate at which liquid helium is 
transferred by the He II film out of Pyrex glass capillaries at a 
temperature of about 1.5°K. Precision bore capillaries with an 
inside diameter of about one millimeter were used, At constant 


Hy the volume flow rate was found to decrease with increasing 
H, and at constant H the volume flow rate increased with in- 
creasing Ho. H is taken as the distance from the liquid level 
inside the capillary to the top of the capillary. 1» is the dis- 
tance from the top of the capillary to the place at which the 
helium bath was in contact with the capillary. Values of H 
and Hy up to 16 cm were used. The results are discussed in 
terms of the existing phenomenological theories.'* 

* This work was supported in part by the Wisconsin Alumni Research 
Foundation and in part b 8S. Atomic Energy Commission. 

+t Now at Wellesley College. 

'K. R. Atkins, Proc. Roy. Soc. (London) seed. 240 (1950) 


*T. Kasuya, Progr. Theoret. Phys. 9, 87 (195. 
"J. G. Dash, Phys. Rev. 94, 1091 (1954), 


Wo. The “Closed” Fountain Effect and Compressibility of 
Helium II.* H. Forstat anp C, A. Reynoips, University of 
Connecticut.—Previously we have reported! finding a sudden 
rise in the height of the liquid level in a closed system of he- 
lium IT through which a heat current was passing. The major 
portion of the liquid was in the spaces between tightly packed 
rouge particles. An average size of the spaces has been deter- 
mined by flow measurements and, using the measured surface 
tension of helium, the underpressure necessary to form a 
bubble of this radius has been calculated. This value is in 
agreement with the underpressure calculated on the basis of 
H. London's thermomechanical pressure equation, The cal- 
culated underpressure at which the upward break occurs is 
reproducible when the apparatus is agitated. However, when 
the apparatus is undisturbed the break occurs at much 
greater underpressure, sometimes at such great ones that the 
liquid is calculated to be under negative pressure. In a new 
apparatus the direction of the heat current has been reversed 
so that the liquid has been subjected to pressure. The com- 
pressibility has been measured and will be compared to the 
values obtained by other methods. 

* Work partially supported by the Research Corporation, the National 


“ 1. e Foundation, and the Office of Naval Research 
. A. Reynolds, Phys. Rev. 93, 1118 (1954). 


W7. Effect of the Superconducting Transition on the Inter- 
nal Friction of Tin. Benjamin Weteer, NACA.—It was 
recently reported that the attenuation of a 20 Mc pulse in a 
lead single crystal is decreased by about 40 percent in the 
transition from the normal to the superconducting state,’ In 
the present experiment the change of the mechanical properties 
of tin during the transition was investigated, For this purpose 
use was made of a 50-kc composite oscillator® consisting of a 
quartz crystal cemented to a matched polycrystalline speci- 
men of tin, At a temperature of 2.77°K it was observed that 
the coefficient of internal friction as determined from the 
electrical impedance of the quartz oscillator increases by 1.5 
percent when the superconducting state is destroyed by the 
application of a magnetic field. In addition, an increase in 
Young's modulus of the order of one part in 10° appears to 
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occur at the same time. Increasing the magnetic field to several 
times the critical value produces no further change in the 
aforementioned properties of the metal. 


'H, BE. Bommel, Phys, Rev. 96, 220 (1954). 
28, L. Quimby, Phys. Rev. 25, 558 (1925). 


W8. Superconducting Winding for Electromagnet.* G. B. 
Yntema, Cornell University.—Superconducting niobium wire 
constitutes the winding of an electromagnet for use in a 
liquid helium bath, The model built has 4296 turns of 0.002 
inch diam unannealed wire carrying 1.8 ampere and produces 
7.1 kilogauss in a small gap. The wire remains superconducting 
while carrying a large current only so long as no segment of it 
is converted to the normal-conducting state; presumably such 
a resistive segment, when once started, grows because of the 
rapid production of heat within it. To avoid regions of con- 
centrated heat production at the junctions of the Nb wire to 
copper leads, these junctions were spread out by spot welding 
the Nb at close intervals along several centimeters of its length 
to nickel foil, which was soldered to the copper. Particular 
samples of 0.0011 inch diam unannealed Nb at 4.2°K carried 
up to 9 ampere; 0.002 inch diam, 10 ampere; and 0.005 inch 
diam, 29 ampere. In an externally applied transverse magnetic 


W AND X 


fieid of 5 kilogauss at 1.7°K, 0.002 inch wire carried 1.5 
ampere. Solenoids and iron-core magnets with such windings 
should be useful in various cryogenic experiments. 


* Research done at the University of Illinois with support from the 


U. S. Atomic Energy Commission 


W9. On the Rotational Transition in Solid Hydrogen. K. 
Tomita,* Harvard University.—Cooperative appearance of the 
rotation of hydrogen molecules, which is indicated both by 
proton resonance! and by specific heat,? is described by a semi- 
classical theory. The order of magnitude of the restriction to 
the rotation which is experienced by a molecule is estimated to 
be 4°K. The results derived from several different types of 
experiments, viz., line shape of proton resonance, spin-lattice 
relaxation-time, and transition temperature of specific heat, 
are in reasonable agreement with each other. For the case of 
pure ortho-hydrogen, a calculation of the potential energy 
and the anisotropy based on intermolecular forces is carried 
out. 

* On leave from the University of Kyoto 

1 J. Hatton and B. V. Rollin, Proc. Roy. Soc. (London) A199, 222 (1949); 


R. Reif and E. M. Purcell, Phys. Rev. 91, 631 (1953) 


?R. W. Hill and B. W. A. Ricketson, Phil. Mag. 45, 377 (1954) 
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Reactions of Transmutation and Nuclear Energy Levels, Il 


X1. Competition between (a,pn) and (a@,2n) Reactions on 
Cr.* J. M. Miter, Columbia University and Brookhaven 
National Laboratory, AND G. FRIEDLANDER AND S. MARKOWITZ, 
Brookhaven National Laboratory.—The large ratios of the for- 
mation cross sections of Mn® to those of Fe™ observed in 
several high energy nuclear reactions may be interpreted in 
terms of the evaporation of nucleons from excited nuclei. This 
hypothesis has been examined by the investigation of the rela- 
tive probability of the loss of a proton and a neutron as com- 
pared with the loss of two neutrons from excited Fe™ nuclei. 
Chromium was bombarded with 33-Mev alpha particles; 
deuteron contamination of the beam was shown to be less than 
0.05 percent by means of a Cu®(d,2n)Zn® monitoring reaction. 
The relative formation cross sections of Mn®/Mn®”"/Fe® are 
18/8/1, compared with corresponding ratios of 19/—/1 
resulting from 340-Mevy proton irradiation of iron.' The fact 
that, in spite of the Coulomb barrier, the probability of evapo- 
rating a neutron and a proton is so large compared to that of 
evaporating two neutrons, indicates a level density of Mn™ 
(odd-odd, 7; = 1) substantially larger than that of Fe* (even- 
even, 7; =0) at a given excitation above the ground state. 


* Research performed under the auspices of the U, S. Atomic Energy 


Commission. 
' Rudstam, Stevenson, and Folger, Phys. Rev. 87, 358 (1952). 


X2. Excitation Functions for Reactions of Copper with 
High-Energy Protons.* J. A. Misket, M. L. PerimMan, Anp 
G. FrrepLanver, Brookhaven National Laboratory, AND J. M. 
Miter, Columbia University and Brookhaven National 
Laboratory.—Spallation of copper with 2.2-Bev protons! gives 
rise to a yield versus mass curve markedly different from that 
observed with 340-Mev protons.? We have now neasured ex- 
citation functions for the production of Na™, A*, A“, Mn®, 
and Mn* from copper over a range of proton energies from 


about 0.5 to 3.0 Bev. All irradiations were monitored by the 
Al’’(p,3pn)Na™ reaction.* The argon activities were counted 
in the gas phase inside proportional counters; the manganese 
and sodium activities were counted as MnO, and NaCl, re- 
spectively, with end window proportional counters. The 
excitation functions show some systematic trends. The Mn® 
cross section is practically constant over the entire energy 
range, both argon excitation functions rise rather steeply to a 
maximum near 1 Bev and then drop slowly, whereas the Na*™ 
cross section increases with energy up to about 2 Bev and then 
remains almost constant. 


* Research performed under the auspices of the U. S. Atomic Energy 
Commission, 

' Friedlander, Miller, Wolfgang, Hudis, and Baker, Phys. Rev. 94, 727 
(1954). 

* Batzel, Miller, and Seaborg, Phys. Rev. 84, 671 (1951). 

* Hudis, Wolfgang, Sugarman, and Friedlander, Phys. Rev. 94, 775 
(1954), 


X3. (y,n) Cross Sections in Zr” and Zr”. R. NaTHANs 
AND P. F. YerGin, University of Pennsyluania.—The (y,n) 
thresholds of these isotopes are widely separated (12.1 and 
7.2 Mev respectively) because Zr™ has a “‘magic number” (50) 
of neutrons. By direct neutron detection, using separated 
isotopes from ORNL, we find that despite this the location 
and magnitude of the peak of the giant resonance is the same 
for each isotope and agrees well with the previously reported 
photoneutron systematics.' The half-widths of the Zr®, Zr” 
and the previously measured Nb” resonances increase pro- 
gressively with the neutron numbers (50, 51, and 52 re- 
spectively) but all are narrower than expected from the 
systematics. This reinforces the previous observation that 
nuclides at or near the magic neutron numbers 28, 50, 82, and 
126 have unusually narrow giant resonances. 


'R. Nathans and J. Halpern, Phys. Rev. 93, 437 (1954) 



































































X4. (y,n) Cross Sections in Mg** and Mg*®. P. F. YerGin 
AND R. NATHANS, University of Pennsylvuania.—-We have meas- 
ured these cross sections by neutron detection using separated 
isotope targets form ORNL (1.77 and 0.50 g of isotope, re- 
spectively). Both “giant resonance”’ peaks occur at about 20 
Mev, as does the previously reported’? Mg**(y,p) peak. An 
unusual feature of our results is that both the peak and inte- 
grated (to 24 Mev) cross sections for Mg**(y,n) are about twice 
those for Mg™*(y,n). About } of the integrated cross section 
for Mg*(y,n) is between threshold and the onset of the giant 
resonance. Our results are in contardiction to the report! that 
the peak of the giant resonance for Mg**(y,m) is at about 13 
Mev, which would result in far more protons than neutrons 
being emitted at the higher energies. These observations were 
described to threshold differences. The thresholds involved 
are: Mg*(y,7)16.6 Mev; Mg**(y,p)12.1 Mev; Mg?*(y,#)7.3 
Mev. We find no such threshold effect. 


! Katz, Baker, and Montalbeth, Can. J. Phys. 32, 580 (1954). 
* Toms and Stephens, Phys. Rev. 82, 709 (1951). 


XS. Multipolarity of Gamma Transitions in F” and Na* 
by Coulomb Excitation. G. M. Temmer anv N. P. Heypen- 
BURG, Department of Terrestrial Magnetism, Carnegie Insti- 
tution of Washington.—Using the comparison method of 
Bjerregaard and Huss! we have determined the multipolarity 
of the transition to the 198-kev (second-excited) state in F'* 
and the 446-kev (first-excited) state in Na™ to be £2. A series of 
pairs of thin-target yields for corresponding proton and alpha- 
particle energies at equal £=(Z,Z,e*/h)[(1/v,)(1/0;)] were 
obtained, making sure that no significant resonant contribu- 
tion was made by the protons. The energy intervals for F' 
where this was achieved were: 0.71-0.76 Mev (protons) and 
1.72-1.92 Mev (alphas). For Na™ the intervals were: 0.90- 
0.98 Mev (protons) and 2.00-2.22 Mev (alphas). At least six 
independent pairs of yields were obtained for each nucleus. 
We were able to show (a) that between the well-known, strong 
resonances for the (p,y), (py), and (p,p’v) reactions on F” 
and Na® the predicted amount of Coulomb excitation occurs, 
and (b) that the yield ratios are appropriate for Z2 transitions 
(Ya/VYp~11). Our reported transition probability for Na® is 
therefore correct.2 Any excess gamma yield (with protons) 
from resonances, target backing, etc. would have tended to- 
ward the ratio predicted for E1 transitions (Ya/ VY »~7). 
Background and low yield have prevented us from applying 
this test to the 114-kev (first-excited) state of F” which is 
presumably reached by E1 transition.® 

'J. H. Bjerregaard and T. Huus, Phys. Rev. 94, 204 (1954) 


2G. M. Temmer and N. P. Heydenburg, Phys. Rev. 96, 426 (1954) 
* Sherr, Li, and Christy, Phys. Rev. 94, 1076 (1954). 


X6. Assignment of Energy Levels by Coulomb Excitation 
with 5.7-Mev Alpha Particles. N. P. HeypeNnBURG AND G. M. 
TemMeR, Department of Terrestrial Magnetism, Carnegie 
Institution of Washington.—We have observed Coulomb ex- 
citation of nuclei in the rare earth region using enriched iso- 
topes (supplied by Oak Ridge), and 5.7-Mev He** ions. The 
following gamma rays were observed in the odd A isotopes 
(energies in kev): Nd'*70, Gd'*5146, Gd'®7131, Hf'77113 and 
250, Hf'”119. No gamma rays were found in Nd'®, Sm'*’, and 
Sm'™, in contrast with our earlier supposition.’ Except for 
Hf? and Hf'” the intensities are much weaker than the 
quadrupole transitions in the even A isotopes of these elements 
The following gamma rays (some previously known) were 
identified in the even A isotopes: Nd'*300, Nd'!#128, Sm'®337, 
Sm'#122, Sm!™82, Gd'123. These are strongly excited quad- 
rupole transitions to the first excited 2+ states. Furthermore 
Gd and Hf show strong unresolved gamma rays at 85 and 90 
kev respectively, associated with known 2* states in the even 
A isotopes. We have also observed gamma rays up to 1.2 
Mev in Ti, V, Fe, Cu, Zn, Ge, Se, Nb, Mo, Ru, Pd, and Cd. 
Some gamma lines could be identified with known 2* states 
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in even-even isotopes, while others must await assignment 
with enriched isotopes. 


'G. M. Temmer and N. P. Heydenburg, Phys. Rev. 94, 1399 (1954). 


X7. Anomalous Dependence of F,/F, on Bombarding 
Energy. B. L. Couen anp E. Newman, Oak Ridge National 
Laboratory.—The quautity F,/F,, the ratio of probabilities 
for proton and neutron emission from nuclear reactions in the 
statistical region, is determined from measurements of (p,pm) 
and (p,2m) cross sections induced by 21.5 Mev protons bom- 
barding elements of mass 48 to 71. The results are then com- 
pared with determinations of F,/F, at lower energies. In all 
cases, data for various differences in energy available for 
proton and neutron emission are extrapolated to zero energy 
difference. It is found that F,/F, increases by well over an 
order of magnitude within a few Mev, reaching values con- 
siderably larger than unity. This is not accompanied by any 
very drastic change in the energy distributions or angular 
distributions of the emitted protons. It is shown that this 
behavior cannot be explained by any existing theories, or 
modifications of them. It is further proven that any model in 
which energy exchange is pictured as taking place by successive 
intenucleon elastic collisions—all commonly used models are 
special cases of this—cannot explain the data. Measurements 
of (p,pn) +(p,2n) and (p,2~) cross sections in lighter elements 
indicate that values of F,/F, considerably larger than unity 
are quite general up to mass 66 at this bombarding energy. 


X8. Survey of (p,n) Reactions at 11.7 Mev. H. G. BLosser, 
T. H. HaNpbLey, anp M. K. HutiinGs, Oak Ridge National 
Laboratory.—A survey of (p,n) reactions at 11.7 Mev has been 
undertaken on middle Z elements ranging from scandium to 
cerium using the internal beam of the ORNL 86-in. cyclotron. 
Ratios of some 25 cross sections to Cu™(p,n)Zn™ have been 
measured using an activation technique. Cross sections were 
computed from ratios of activities by using known decay 
scheme information and the previously measured Cu®(p,n) 
<Zn™ cross section. For ZZ 28, (p,n) cross sections become 
essentially equal to total reaction cross sections and using 
Shapiro's calculation' of total cross sections one finds Ro» 1,5 
x 10~" cm. This is the same value obtained by Blaser et al.* at 
6.7 Mev by the same method. Cross sections on Ni® and Zr” 
(which were anomalously low at 6.7 Mev) were found to be of 
order of 50 percent of the neighboring cross sections indicating 
that the 6.7-Mev measurements of reference 2 were below 
threshold. Cross sections for Sc** and Cr® fall well below cal- 
culated total cross sections indicating probable substantial 
competition from other reactions. 

1M. M. Shapiro, Phys. Rev. 90, 171 (1953). 


* Blaser, Boehm, Marmier, and Scherrer, Helv. 
(1951). 


Phys, Acta 24, 441 


X9. Nuclear Pairs from the Proton Bombardment of Ca“.* 
T. W. Bonner, R. D. Bent, anp J. H. McCrary, The Rice 
Institute.—A thick calcium metal target was bombarded with 
4.84-Mev protons and a search was made with a magnetic lens 
pair spectrometer for pairs which might originate from the 
3.35-Mev state of Ca®, A pair line was observed at 3.46+0.1 
Mev. With 1 mm of Al absorber between the target and a 
2-mil lead converter, no external pair line was observed at 
this energy indicating that the pairs observed in the first case 
were nuclear pairs and not internally converted gamma-ray 
pairs. The existence of pairs and the absence of gamma radia- 
tion establish the angular momentum of the first excited state 
of Ca® as zero. 


* Supported by the U. 8S. Atomic Energy Commission. 
X10. Gamma Radiation from the Deuteron Bombardment 


of N'*.* R. D. Bent, T. W. Bonner, J. H. McCrary, ann 
R. F. Siprer, The Rice Institute.—The gamma radiation from 
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the bombardment of a thick CrN target with 4.0-Mev deu- 
terons has been measured with a magnetic lens pair spectrom- 
eter. The internal pair spectrum was observed between 5.0 and 
9.3 Mev with 2.5 percent resolution. Gamma-ray lines were 
observed at 5.2640.04, 6.1240.06, 6.334-0.05, 6.81+0.04, 
7.3140.04, 8.3340.04, and 9.13+40.06 Mev, corrected for 
doppler shifts. The internal pair spectrum from the bom- 
bardment of a thick ZrN target with 4.25 Mev deuterons was 
observed between 9.1 and 11.4 Mev with 3.6 percent resolu- 
tion, Lines with about equal intensities were observed at 9.13 
and 10.04+0.04 Mev. Weak higher energy radiation may also 
be present. The 6.33-, 7.31-, 8.33-, 9.13-, and 10.04-Mev gamma 
rays are assigned to the N'*(d,p)*N"* reaction. The 6.12- and 
6.81-Mev lines are assigned to the N'4(d,n)*O" reaction. The 
5.26-Mev line may be from both N** and O"*. 


* Supported by the U. 8S. Atomic Energy Commission. 


X11. Angular Distribution of Fragments from 450-Mev 
Proton Fission of Bi.* R. L. Woike, University of Chicago.— 
The angular distribution of fission fragment uuclei escaping 
from a Bi target bombarded with 450-Mev protons has been 
measured, The target is a #y-in. brass ball, electroplated with 
about 15 mg/cm? of Bi, and situated at the center of the base 
of a recoil ‘‘catcher"’ cone of pure Al foil, whose axis is aligned 
along the proton direction. The foil is cut into pieces corre- 
sponding to various emission angles and processed radio- 
chemically, Forward asymmetries have been observed for the 
fission products Ba, Cd, and Sr. The number of Sr fragments 
caught in the interval 0-30° (lab) divided by the number 
caught in the entire forward hemisphere is 1.20+0.04 times 
the value predicted by isotropy. For 30-60° and 60-90°, the 
corresponding numbers are 1.0340.02 and 0.92+0.01, re- 
spectively. The application of these and other results to the 
calculation of certain parameters of the fission mechanism will 
be discussed. 


* Research supported in part by a grant from the U. S. Atomic Energy 
Commission. 


Xi2. The Neutron Multiplicity Spectrum from Spontaneous 
Fission. Joun Ise, Jr., DonaLp A. Hicks, AND Ropert V. 
Py_e. University of California, Berkeley.—The distribution in 
number of neutrons emitted from the spontaneous fission of 
several transuranic elements has been measured, using a large 


liquid scintillator tank similar to that described by Cowan 
et al, at Los Alamos.' Samples of the various unstable actinides 
of atomic number greater than 96 were plated on a metal disk 
inside a small fission chamber which was placed at the center 
of the scintillator tank. The fission pulse was made to trigger 
the sweep of an oscilloscope and the pulses arising from 
neutron capture in the cadmium contained in the scintillator 
solution were displayed on the sweep and photographed. 
Results of the observed number distributions will be given, 
together with the real distribution calculated from the over-all 
efficiency of the tank for recording a pulse from a neutron 
starting at the center of the tank. This work was performed 
under the auspices of the U. S. Atomic Energy Commission. 

1 Cowan, Reines, Harrison, Anderson, and Hayes, Phys. Rev. 90, 493 
(1953). 


X13. Photodisintegration of Carbon, Oxygen, and Nitrogen 
in Nuclear Emulsions.* RaymMonp [D). Cooper anp Dan J. 
ZAFFARANO, Iowa State College.—Lithium loaded Ilford 200-u 
B-2 plates were exposed to the direct beam from the Iowa 
State 70 Mev synchrotron and then developed by a modified 
grain gradation process so that singly charged particles could 
be easily discriminated from multiply charged ones. Identifica- 
tion of the stars found in the plates was made by computing 
momentum unbalances assuming various identities for the 
particles involved. Of a total of 2291 stars of three or four 
prongs measured in two plates, 647 were found to be due to the 
reaction C'*(y,3a); 348 were identified as due to O'*(y,4a); 
and the reactions N"(7,2a)Li® and N'*(y,np)3a were repre- 
sented by 190 and 182 events respectively. Cross section histo- 
grams for the first three of these reactions were obtained after 
making corrections for the stars which were not entirely within 
the emulsion and for the shape of the bremsstrahlung spectrum. 
In about one-fifth of the events due to the last reaction, N" 
X (y,np)3a, the momentum unbalance method indicates that 
the neutron and proton probably came off together as a deu- 
teron. An attempt was also made to determine whether the 
reaction N"(y,2a)Li® went through an excited or the ground 
state of Be* or through an excited state of B™, and these 
results will be given. 

* Work was performed in the Ames Laboratory of the U. S. Atomic 
Energy Commission 
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Ferromagnetics and Ferroelectrics 


Y1. Ferromagnetic Hall Effect of Nickel Alloys. ALbrrr |. 
ScuinvLER, Naval Research Laboratory,—Recently Karplus 
and Luttinger' have shown that the extraordinary Hall con- 
stant of ferromagnetic materials is proportional to the square 
of the electrical resistivity. R;=Ap* For experimental veri- 
fication they have cited the data of Jan and Gijsman* on the 
temperature dependence of the Hall constants of pure Ni and 
Fe. In the case of Fe the exponent of p is 1.94, in the case of 
Ni, it is 1.42. In addition, Kooi* has shown that R,, for alloys 
of Fe containing small additions of Si, exhibits the same 
temperature dependence as pure Fe. An examination of pub- 
lished Hall constant data of alloys of Ni with Cu, Al, Si, and 
Sn‘ also shows that the Karplus-Luttinger theory is roughly 
obeyed by these systems. In all of these alloys there seems to 


be no change in the exponent of p due to alloying. Additions of 
Al, Si, or Sn do alter the coefficient A, whereas additions of up 
to 30 atomic percent of Cu leave A essentially unchanged. Con- 
trary to theory, there seems to be no correlation of the change 
in A with the filling of the 3-d band caused by alloving. 

1R. Karplus and J. M. Luttinger, Phys. Rev. 95, 1154 (1954). 

2 J.-P. Jan, Helv. Phys. Acta 25, 677 (1952); J.-P. Jan and J. M. Gijsman, 
Physica 18, 339 (1952). 

*C. Kooi, Phys. Rev. 95, 843 (1954) 

4A. 1. Schindler and E. M. Pugh, Phys. Rev. 89, 295 (1953); J. Smit and 
J. Volger, Phys. Rev. 92, 1576 (1953). 


Y2. The Magnetic Transformation in MnBi. R. R, HEIKEs, 
Westinghouse Research Laboratories.—It is well known that 
MnBi undergoes an abrupt change in magnetization at a 
temperature of 360°C. In addition, there is a drastic change 
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in lattice constants; ¢ changes by approximately 3 percent, 
while a changes by almost 1.5 percent. Guillaud interpreted 
this transition in terms of change from a ferromagnetic state 
at low temperatures to an antiferromagnetic state at high 
temperatures. This interpretation appears inconsistent with 
the extremely large change in lattice constant. Susceptibility 
measurements have been performed above 360°C on a sample 
of MnBi whose x-ray diffraction pattern shows only lines due 
to MnBi. The measurements indicate that the high-tempera- 
ture phase is actually ferromagnetic with a Curie point of 
170°C. The material was then quenched from 380°C, re- 
taining the high-temperature phase. Saturation magnetization 
measurements on this material indicated a Curie temperature 
of approximately 200°C. Because of the inaccuracies involved 
in the measurements, particularly in the case of the quenched 
phase, the two values of the Curie point are considered to be 
in good agreement. The present work elaborates and confirms 
the unpublished suggestion of L. Himmel and K. Jack of our 
Laboratories that the high-temperature phase of MnBi is 
ferromagnetic. 


Y3. Rapid Remagnetization of Thin Molybdenum Perm- 
alloy Tapes. T. L. Gi_pert, J. M. Keviy, ano H. ExstTein, 
Armour Research Foundation.—The time derivative of the mag- 
netization in } to 2 mil thick, } inch wide, 4-79 Molybdenum 
Permalloy tapes wound on small bobbins has been measured as 
a function of the time for the following applied field schedule. 
he tape is first saturated in one direction and allowed to return 
to its remanent state. The time rate of magnetization parallel 
to the tape length is then observed as reverse fields of 0.1 up to 
5 oersted are switched on, (the rise time being under 0.1 psec). 
In $ and } mil tapes, the primary features of this observed 
‘switching pulse’’ correspond closely to predictions based on a 
model wherein the magnetization is assumed to rotate uni- 
formly in the plane of the tape, subject only to the forces 
exerted by the external field and the eddy current field and an 
anomalous force which gives rise to a local dissipation pro- 
portional everywhere to the square of the time derivative of 
the local magnetization. With thicker tapes the magnetization 
cannot be uniform throughout the thickness and two domain 
walls moving inward from the surfaces may be expected to 
form, particularly at high fields, as described previously.' 


'H. Ekstein and J. Kelly, Phys. Rev. 94, 1440(A) (1954). 


Y4. Saturation Magnetization and Remanence of Beta 
Uranium Hydride. Warren E. Henry, U.S. Naval Research 
Laboratory, AND DieteER M. GRUEN, Argonne National Labora- 
tory.—The occurrence of a ferromagnetic transition for beta- 
uranium hydride has been confirmed by Gruen. In the present 
investigation, the saturation magnetization (M,) and rema- 
nence of 8 ~ UH, have been measured as a function of tempera- 
ture between 1.3°K and 295°K and in magnetic fields up to 
50 000 gauss. 1, shows a sluggish onset of an anomaly at above 
200°K indicating short range order. On the other hand, a sharp 
transition is indicated from the zero field remanence and occurs 
at about 175°K. Saturation is nearly complete at 11 000 gauss 
where a high precision is possible. At 1.3°K the remanence is 
about 70 percent of the saturation moment. In the liquid 
nitrogen range, there is some indication of another anomaly 
in M,(T). This second anomaly, being further studied, does 
not show in the remanence, which is perhaps a better measure 
of the cooperative behavior. The magnetization was measured 
both in high and zero magnetic fields by a ballistic method! in 
which a spherical container, with powdered sample, is moved 
relative to a double coil system. 


W. E. Henry, Phys. Rev. 88, 559 (1952). 
YS. Diffuse Magnetic Neutron Diffraction. A. W. Mc- 


REYNOLDS, Brookhaven National Laboratory.*—It was pre- 
viously shown! that superposed on the nuclear and elastic 


magnetic Bragg diffraction peaks in magnetic crystals is a 
weaker diffuse magnetic peak arising from short range corre- 
lation of spins. In order to separate out this diffuse component 
a more detailed study has been made of the space distribution 
and temperature dependence of scattering around the (111) 
and (113) reciprocal lattice points in ferrimagnetic FesO,, The 
principal effect is around the Curie temperature 580°C, There 
a diffuse peak symmetrical in reciprocal space around the (111) 
lattice point reaches a maximum intensity, decreasing over a 
50-100°C range above and below. From its width and tempera- 
ture dependence may be deduced the spin correlation as a 
function of distance and temperature. At all temperatures 
magnetic inelastic scattering is indicated by presence in the 
magnetic peaks of a small asymmetric component independent 
of applied fields. 


® Under the auspices of the U. S. Atomic Energy Commission. 
1A. W. McReynolds and T. Riste, Phys. Rev. 95, 1161 (1954). 


Y6. Domain Configuration and Crystallographic Orienta- 
tion in Grain-Oriented Fe-Si Alloy. 1. G. NILAn anp W. S. 
Paxton, U. S. Steel Corporation.—The magnetic domain 
structure in grain-oriented 3-} percent silicon-iron alloy has 
been investigated by the powder pattern technique.’ The 
patterns observed can be classified into five different types 
depending on the orientation of the particular grains. A large 
number of such grains were examined and their orientation 
determined by means of an optical goniometer and in some 
cases by x-rays. It is found that the pattern depends on the 
angle @ made by the [100] direction nearest the rolling direc- 
tion with the plane of the sheet. When neighboring grains 
differ by only a small angle, the domains will often be con- 
tinuous across the grain boundary, as observed by Williams, 
Dijkstra,? and others. Photographs of several unusual patterns 
will be shown. For small deviations (@<10°) from the perfect 
cube-on-edge orientation, the method may be used to deter- 
mine the orientation of the grains. 

' Williams, Bozoeth, and Shockley, Phys. Rev. 75, 155 (1949). 


oid J. Dijkstra and U. M. Martius, Revs, Modern Physica 25, 146 
(1953). 


Y7. Magnetic Resonance in a Ferrimagnetic Containing an 
Arbitrary Number of Sublattices. Roatp K. WaANGsNess, 
U.S. Naval Ordnance Laboratory.—The method of finding the 
equations of motion for the components of the net magneti- 
zation from the equations of motion for the individual sub- 
lattices, which has been briefly used before,' has been extended 
to include the cynamic demagnetizing and anisotropy fields as 
well as molecular fields. Each sublattice is characterized by a 
magnetization, gyromagnetic ratio, and anisotropy constant; 
one need not assume the same molecular field coefficient for 
each pair of sublattices. In the limit of very large molecular 
fields, the resultant equations of motion turn out to have the 
same form and lead to the same resonance frequency as for the 
ferromagnetic case except that they involve the usual effective 
gyromagnetic ratio and an anisotropy constant which is the 
sum of the sublattice anisotropy constants. These results agree 
with those found for the two-sublattice case by a different 
method.? 


'R. K. Wangsness, Phys. Rev. 95, 339 (1954), 
*R. K. Wangeness, Phys. Rev, 93, 68 (1954). 


Y8. Specific Heats of Zinc Ferrite and Zinc Chromite at 
Low Temperatures.* S. A. FriepperG ann D. L. Burk, 
Carnegie Institute of Technology.—Neutron diffraction studies! 
indicate that in ZnOFe,O,, a normal spinel, long range anti- 
ferromagnetic ordering of Fe*** moments due to B — B inter- 
action sets in below about 10°K. We have measured the specific 
heat of a specimen* of ZnOFe,O, between 1.3° and 200°K and 
observed the specific heat anomaly associated with this tran- 
sition, The maximum at ~49.5°K is not particularly sharp. A 
large short range order “‘tail’’ is still apparent at 20°K, The 
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analogous spinel ZnOCr,O; has also been studied.? A sharp 
d-shaped anomaly was found, C, rising to ~14 cal/mole°K at 
11.8°K, Subsequent neutron diffraction investigation* shows 
ZnOCr,O; to be antiferromagnetic below this temperature. 
Details of these anomalies will be discussed. 


; by the ORioe of Naval Research. 
. Corliss and J. M ings S Proceedings, International Conference 


‘yaallowrarhy: rare July | 
y Kladly supplied by Dr. V. C, Wilson of the General Electric Company. 
McGuire of the Naval 


Specimen eaty phe oh by Dr. T. 
i Labora’ 

* Hastings, Corliss, and Goldman, Pittsburgh Diffraction Conference, 
(November, 1954) 


Y9. Magnetic Susceptibility in Zinc Ferrite.* A. Arrort 
AND J. E. Gotpman, Carnegie Institute of Technology.—The 
appearance of new lines in the neutron diffraction spectrum 
of zinc ferrite! and zinc chromite? and the specific heat anoma- 
lies’ suggest that the interaction between magnetic ions on 
octahedral sites in spinel lattices (B —B interaction) is: (a) 
antiferromagnetic, (b) considerably weaker than at first 
supposed, and (c) gives rise to long range effects which are 
relatively complex. Measurements have been made of the 
magnetic susceptibility of zinc ferrite‘ over a range of tem- 
peratures extending from 2°K to room temperature. The sus- 
ceptibility is constant at low temperatures and begins to 
decrease at approximately 30°K with a Curie-Weiss behavior. 
The high-temperature behavior is that of an ideal paramagnet 
containing two Fe** ions per molecule and an extrapolated 6 
of —40°K, This behavior suggests persisting short range effects 
above the temperature of the peak in the specific heat where 
the antiferromagnetic neutron diffraction lines have already 
diminished in intensity. 

rted by the Office of Naval Research. 

ny . Corliss and J. M. Hastings, Proceedings, International Conference 
on, Cc Crystallography, aris (July, 1954). , 
wee oe ngs, Corliss, and Goldman, Pittsburgh Diffraction Conference 

*S, A. Friedberg and D. Burk, previous abstract. 

* Kindly supplied by Dr. V. C, Wilson of the General Electric Comapny. 


Measurements of the specific heat (previous abstract) and susceptibility 
were made on the same sample 


Y10. Temperature Effects in Ferrites at Microwave Fre- 
quencies. B. J. DUNCAN AND L. Swern, Sperry Gyroscope 
Company.—The microwave properties of ferrites in waveguide 
depend upon several parameters; one of the most important is 
the temperature of the ferrite. Studies have been made of the 
effect of ferrite temperature upon Faraday rotation, ferrite 
loss, phase shift, reflection coefficient and the ellipticity of 
microwaves propagated through the ferrite medium. These 
temperature effects were studied at X-band frequencies with 
the ferrites located in both rectangular and circular wave- 
guide; in the latter case both linearly and circularly polarized 
waves were used. The ferrites studied are those which 


are commercially available; in particular, ferramics D, G, and © 


1331 were investigated most thoroughly. In each case, the 
temperature was varied from 25°C to the Curie temperature. 
For ferrites in circular waveguide near the Curie temperature 
the rotation and phase shift approach zero, the axial ratio 
approaches infinity, and the absorption loss increases at a 
rapid rate to some large value. For ferrites in rectangular 
wave guide, with frequency held constant, the magnetic field 
required for resonance decreases by over 30 percent as the 
temperature is increased from 25°C to the Curie temperature. 
This is due to a change in the effective g factor in the ferrite. 
These and other effects will be discussed. 


Y11. Optical s and Twinning of PbZrO, Single 
Crystals.* F. Jona, G. SuHiRANE, AND R. Pepinsky, The Penn- 
sylvania State University.—Single crystals of PbZrO, were 
grown by using PbF;, as a flux. The twinning was studied, and 
essential differences between this twinning and the domain 
structure of ferroelectric BaTiO; have been observed. It is 
shown that orthorhombic phase of PbZrO; is optically negative 


and the refractive index is smallest along the a axis, along 
which axis the main antiparallel shifts of Pb have been re- 
ported.' The birefringence has been measured as a function of 
the temperature up to the transition temperature 230°C, and 
compared with the temperature dependence of the spontaneous 
strain. 


* Research supported by Wright Air Development Center and Signal 


Corps Engineering Laboratories. 
1 Sawaguchi, Maniwa, and Hoshino, Phys. Rev. 


83, 1078 (1951). 

Y12. Anomalous Optical Properties of Ferroelectric 
PbTiO,;.+ GEN SHIRANE AND Ray Pepinsky, The Pennsylvania 
State University.—The birefringence of the tetragonal phase of 
PbTiO; has been reported as 0.011 for sodium light at room 
temperature.' This value diminishes when the crystals are 
cooled below room temperature.? With increasing temperature, 
the birefringence increases gradually, reaches a maximum 
value of 0.018 at 400°C, and decreases again to 0.012 at the 
Curie temperature, 490°C. It is not possible to explain this 
temperature dependence by a combination of the linear and 
square terms of the spontaneous strain. This situation is in 
contrast with the case of BaTiO, in which the birefringence 
decreases with increasing temperature, in a linear relation to 
the spontaneous strain. It is confirmed that PbTiO, is opti- 
cally negative as in the case of BaTiO,. Preliminary results of a 
structural study of PbTiO; at room temperature are presented. 


t Research supported by Wright Air Development Center and Signal 
Corps Engineering Laboratory 
if 


1. H. Rogers, Tech. Rept. 56, Lab. Inst. Research, M.I.T. (1952). 
2P. W. Forsbergh, Jr., Progr. Rept. XI, p. 51, Lab. Inst. Research, 
M.I1.T. (1952). 


Y13. Ferroelectric Behavior of Solid Solutions of KNbO,; 
and KTaO;. So. TRIEBWASSER AND FREDERIC HOLTZBERG, 
IBM Watson Laboratory.—KNbOy, and KTaQ; are ferroelec- 
trics of the perovskite type with Curie temperatures at 707°K' 
and 13.2°K,? respectively. Differential thermal analysis and 
x-ray studies of the system K,CO;+(1—x)Nb,O;+<xTa,0, 
have been made. Comparisons of x-ray spectrometer traces of 
powder samples of quenched material with similar traces of 
pure KNbO; and KTaO; indicate that solid solution between 
the two components exist. Differential thermal analysis 
yields a simple two component solid solution phase diagram. 
Studies of ceramics of the composition from X =0 to 0.20 
indicate that the Curie temperature of KNbOs is depressed 
approximately 7°C per percent of KTaQ,. The tetragonal to 
orthorhombic transition in KNbO, at 224°C! is lowered in a 
similar manner, 


1B. T. 
?Hulm, Matthias, 


Matthias and J. P. Remeika, Phys. Rev. 82, 727 (1951). 
and Long, Phys. Rev. 79, 885 (1950). 


Y14. Low Temperature Dielectric Measurements. J. F. 
YouncGs.Loop, General Electric Research Laboratory.—Measure- 
ments have been made at low temperatures on the dielectric 
constant and loss factor of several ferroelectric materials and 
strontium titanate. The latter is of particular interest as the 
dielectric constant for single crystals reaches values near 
10°K of 17 000 to 18 000, about 58 times the room tempera- 
ture values, and is strongly voltage Near the low 
temperature maximum in dielectric constant the loss factor 
shows a strong peak. Such behavior is suggestive of a ferro- 
electric Curie temperature with domain formation. However, 
hysteresis measurements do not show such a transition con- 
clusively. 


» sensitive. 


Y15. Dynamic Behavior of Domain Walls in Barium 
Titanate. Evizapern A. Lirtie, M. J. T. (introduced by 
A. V. Hippel).—-The nucleation and growth of 90° and 180° 
domains in barium titanate single crystals have been meas- 
ured with optical techniques. Both types of domains nucleate 
as long thin wedges with an initial velocity of about 10* 
cm/sec for E=5 kv/cm. For 90° domains, measurements of 
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the nucleation rate as a function of time and field strength are 
given. After a domain has been introduced into a crystal, its 
growth may be described in terms of wall motion. 90° wall 
motion depends strongly on strains and any clamping of the 
crystal, and appears to cease for frequencies in the megacycle 
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range, where the piezoelectric resonances of the crystal set in. 
For 180° wedges, the availability of neutralizing electric 
charges appears to determine the growth rate. The interaction 
of 180° and 90° domains, which leads to head-to-head and 
tail-to-tail 90° walls and long relaxation times, is described, 
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Heavy Mesons and Hyperons 


Z1. Some Results on K Particles.* W. B. Frerrer, E. W. 
Friesen, G. E. Kercer, anp A. LAGARRIGUE, University of 
California, Berkeley.—Several K particles have been identified 
using measurements of ionization and momentum. The ioniza- 
tion measurements are made by counting droplets in tracks 
in a cloud chamber containing helium. The chamber is placed 
in a magnetic field of 7500 gauss. One group of five particles 
all positive, non-decaying and of average mass 900+30 elec- 
tron masses suggests the presence of K, particles.' A positive 
particle of mass 1330+80, and a negative particle of mass 1190 
+70, have also been observed. A positive r meson has been 
observed to decay in our chamber with a QO value of 78420 
Mev. The measurements and errors of mass determinations 
have been checked by comparison with the measurements on 
22 particles believed to be protons. 

* Assisted by the joint program of the U. S. Office of Naval Research and 


the U. S. Atomic Energy Commission. 
1B. P. Gregory et al., Nuovo cimento I, 292 (1954). 


Z2. Cosmic-Ray Observations of K* Mesons. N. SeeMan, 
M. M. SHAPIRO, AND B. Sti__er, Naval Research Laboratory. 
Tracks of 15 stopped K* mesons have been observed in Ilford 
G.5 emulsions flown at an altitude of ~30 km. Thirteen of 
these were found in large (1512.5 cm) stripped emulsion 
stacks flown near the geomagnetic equator. Eight of the 13 
originate in observable stars. Two also terminate in stars, and 
are interpreted as due to negative K mesons. Two others have 
one L meson (mr or uw) secondary of ~20 Mev each and are 
attributable to r* decaying by the alternate scheme r*->r* 
++. In 11 of the 15 cases there is a single charged-second- 
ary track having a grain density close to the ionization plateau. 
Most of the primaries are sufficiently long so that two or more 
of the following methods of mass determination could be 
applied: constant-sagitta scattering vs range, constant-cell 
scattering vs grain density, and mean gap length vs range. 
Protons and pions are employed for calibration. Preliminary 
results indicate masses of ~1000 m, for the primaries. The 
secondaries thus far identified in the decay events are all L 
mesons. 


Z3. K Mesons Produced by 2.2 and 3 Bev Protons.” (;. ( 
Harris, Columbia University.--Stacks of Ilford GS stripped 
emulsions have been exposed at the Brookhaven Cosmotron, 
Two types of exposure were made. The plates were exposed : 
(a) directly to the beam of protons inside the vacuum chamber 
(3 Bev), (b) about 3 inches away from a small graphite target 
and 90° to the beam direction (2.2 and 3 Bev). These plates 
are being searched for K mesons by examining the end of all 
stopping tracks. To date 28 K type particles have been found 
coming to rest in the emulsion, one + meson has also been 
found, None of the K particles has an associated Auger 
electron or recoi! blob which would indicate a negatively 
charged meson. Mass measurements on the primary tracks by 


range vs scattering which are consistent with the r meson 
mass will be discussed. About one-fourth of the secondary 
tracks are long enough for scattering-blob density measure- 
ments. The information from these measurements may be 
summarized: There is no evidence for low-energy »u-meson 
secondaries. There is no definite evidence for a m-meson sec- 
ondary of P8 = 166 Mev/c. There is a spread of ?8 from 130 
230 Mev/c and a blob density spread of b/bp 0.94 — 1.08, 


* Supported by a joint program of the U. S. Office of Naval Research 


and the U. S, Atomic Energy Commission, 


Z4. Heavy Unstable Particles from Captured K~ Mesons.* 
J. Hornpostet ann E. O. SaLant, Brookhaven National 
Laboratory.—The previously reported arrangement for mag- 
netically selecting negative particles from a target in the 
Cosmotron' was improved. Using 2.8-Bev protons, eight more 
K~ mesons have been identified in GS emulsions. Momentum- 
range and grain count-range measurements both gave K 
masses about 1000 m,. All K mesons stopped (ranges 35-45 
mm) giving stars with 2-5 outgoing tracks; in five stars, one 
track is less than 1.5 minimum. In four stars, a charged, heavy 
(1-4 times proton mass), unstable particle emerges. In three 
events it stops (ranges 0.4, 0.5, 1.7 mm) and gives a light 
track. One of latter is due to a 20-Mev o meson; its parent is 
evidently a hyperon, possibly bound in triton. The fourth 
heavy particle has thrice-minimum track for its entire path, 
at end of which is seen only a backward light particle (1.08 
+0.05 minimum, p6>100 Mevy/c). If latter is pion from free 
decay, 0>186 Mev, too large for known charged hyperon 
decay; if muon or electron, such decay is likewise unknown. 


* Work done under the auspices of the U.S. Atomic Energy Commission 
' J. Hornbostel and E, O. Salant, Phys, Rev, 93, 902 (1954), 


ZS. Observations of K' Mesons. Harry H. Heckman, S. 
GOLDHABER, AND F. M. Smirn, University of California, 
Berkeley.—A stack of 600u Ilford GS emulsions has been ex- 
posed to the secondary particles from a target bombarded by 
4.8-Bev protons of the Bevatron. The stack was placed in a 
re-entrant well ten inches from the target at 90° to the beam 
direction, The observed numbers of particles stopping in the 
range interval 1,7 to 5.0 cm in the emulsion are K*:w*:a™:p 
=3:59:25:100. Mass measurements of the K* mesons are 
being made by residual range and ionization. The percent 
transparency of the track is taken to be a measure of the 
ionization. Of the three secondaries from the K* mesons 
(9244122 m,), only one has sufficient range (10.25 mm) to 
enable one to make an estimate of the mass by multiple 
scattering vs ionization. The characteristics of this secondary 
particle are (a) the ratio of ionization to that of calibration 
electrons (of about 100 Mev) is 1.032 4-0.028, (b) the average 
pBc over the entire range is 10214 Mev, and (c) an approxi- 
mate 25 precent loss in p§c between the ranges of 1.25 and 
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10,25 mm. The expected ionization of a u meson of this pBc 
would be 33 percent above minimum. The secondary particle 
has, therefore, properties characteristic of an electron. Further 
results will be reported. This work is being done under the 
auspices of the U. S. Atomic Energy Commission. 


Z6. Measurements on K Particles and Their Decay Prod- 
ucts. GERSON GOLDHABER AND STEPHEN J. GoL_psack, Uni- 
versity of California, Berkcley.—Stacks of nuclear emulsions 
have been exposed at 90° to the proton beam of the Bevatron 
at 4,8-Bevy maximum energy. The stacks were at a distance of 
10 inches from the target with 0.1-in. aluminum as intervening 
material, The scanning of the emulsions was carried out in a 
region 5 to 6 cm from the leading edge. The alignment of the 
stack was such that a secondary from the target runs its entire 
length (5 to 6 cm) in only 2 to § of the emulsions in the stack. 
To date nine K particles have been found in the above stacks. 
Preliminary mass measurements on five of them give mass 
values consistent with the 950 m, value. In four cases the decay 
products are sufficiently flat in the emulsion to allow good 
measurements, In three of the cases preliminary multiple 
scattering measurements give p§=185+25, 200425, and 
150+40 Mev/c. In the fourth case (Ks) the decay particle 
gives p§=60+12 Mev/c over the first 4 mm and decreases 
gradually to pp = 3046 Mev/c after 15 mm. The track goes for 
9 mm in the first emulsion and has been followed for 8 mm in 
the next five emulsions, The grain density remains constant 
over the entire length and equal to the plateau value to good 
accuracy. Preliminary scattering measurements on Kg give a 
mass of 980+260 m, by constant sagitta method and 1170 
+270 m, by the constant cell method. This work was done 
under the auspices of the U. S. Atomic Energy Commission. 


Z7. Heavy Mesons and Hyperons from Targets Bombarded 
by 4,8- and 5.7-Bev Protons. S. GoLpHaBerR, Gerson GOLp- 
HABER, H. H,. HeckMAN, AND F. M,. Smitu, University of 
California, Berkeley.—A target assembly with emulsion stacks 
mounted on a plunging probe was injected directly into the 
vacuum chamber of the Bevatron. The timing of the injection 
was such that the leading target intercepted the beam at full 
energy. A thin lip target damped radial oscillation of the beam 
and brought the full energy protons onto the target. In this 
manner three emulsion stacks were exposed: 1. The emulsions 
were placed at a distance of 1 cm from a tantalum target so as 
to detect secondaries in an angular interval between 50°-130° 
to the beam direction. 2. Geometry as in case 1, but for a car- 
bon target. The beam energy for these two exposures was 4.8 
Bev. 3. The emulsion stack itself served as a target with a 
bombarding energy of 5.7 Bev. To date the systematic area 
scanning of the emulsions exposed with the tantalum target 
has given 370 protons, 56x*, 53”-, 6u*, 3K particles, and 
1A°. The following back of  mseons in the 5.7-Bev exposure 
has yielded one-r meson. Preliminary mass measurements on 
the K particles are in good agreement with the 920-960 m, 
mass values. Results on careful mass measurements and Q 
values will be presented. This work was done under the aus- 
pices of the U, S, Atomic Energy Commission. 


Z8. Production of Unstable Particles in Carbon and Lead 
by 2-Bev Pions.* H. BLumenre.p, E. T. Boorn, anno L. M. 
LepERMAN, Columbia University, an» W. Cuinowsky, Brook- 
haven National Laboratory.—-A 36-in. expansion cloud cham- 
ber in a magnetic field of 10 000 gauss was exposed to the 2- 
Rev negative pion beam of the Brookhaven Cosmotron. The 
chamber contained two }-in, thick lead plates and two }-in. 
thick carbon plates. In a systematic scanning of about 800 
photographs, 14 cases of the production of unstable particles 
by incident pions were observed. Of these, 7 events occurred in 
lead and 6 in carbon, giving a ratio of mean free paths in g/cm’, 
lead to carbon of ~3. Absolute cross-sections for production 


are approximately 1 percent of geometric for both lead and 
carbon. Preliminary analysis of the decay events establishes 
that the ratio of observed A® to # events is 4:1. One charged V 
track was observed but not identified. A single clear case of 
associated production in carbon, of a A°—@ pair was observed 
in a test strip. This event will be discussed. The average Q 
value for the A® decays was determined to be 3543 Mev. 


* Assisted by the U. S. Atomic Energy Commission and the joint Office 
of Naval Research-U. S. Atomic Energy Commission program. 


Z9.’ Nuclear Absorption of a Fast Charged Hyperon. D. T. 
KinG anp M. M. Briock,* Naval Research Laboratory.—In a 
collection of “fundamental” collisions found in G5 emulsions 
exposed to the cosmic radiation we have observed a star con- 
sisting of a gray primary (a), and two emergent gray tracks, 
(6 and c); there was no evidence of residual nuclear recoil or 
6 decay. The three tracks were not coplanar, and therefore the 
emission of a neutral secondary was considered. The measured 
masses of a, b, and c were 2600+-670, 16804450, and 9204320 
m,, respectively. b and c are identified as proton and K particle; 
if a is considered to be a proton there is insufficient energy for 
the secondaries. If a is assumed to be a hyperon of 2600 m,, the 
neutral has a calculated mass of 1780+80 m, and is identified 
as a neutron. We tentatively suggest the absorption scheme 
A*+P—+P+K*+N, and compare this mode of absorption 
with the recently observed' production scheme P+P->At 
+K*+N. Both reactions are compatible with the hypothesis* 
of Pais and Gell-Mann that heavy unstable particles are 
produced and absorbed in pairs, and indicate that the observed 
K particles are bosons. 

* On military leave of absence from Duke University, Durham, Nérth 
Carolina. 

1 Block, Harth, Fowler, Shutt, Thorndike, and Whittemore, Bull. Am. 
Phys. Soc. 29, 33 (1954). 


7A. Pais, Phys. Rev. 86, 663 (1952); M. Gell-Mann, Phys. Rev 
(1953). 
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Z10. Correlation of Planes in V Particle Decay Events.* 
V. A. J. VAN Lint, GeorGe T. Reynovps, S. B. TREIMAN, AND 
F. H. Tenny, Princeton University.—Measurements have 
been made on the angles between the plane containing the 
decay products of a V particle and (1) the plane containing 
the lines of flight of the two V particles in the case of double V 
events,''* or (2) the plane containing the producing particle 
and the line of flight of the V particle in the case of single V 
events where the producing particle could be determined. To 
date the limited statistics indicate anisotropic distributions in 
both types of correlation. This is a continuing measurement 
program, and latest results will be described. 

* Supported by the joint program of the Office of Naval Research and 
the U. S. Atomic Energy Commission. 

1 Treiman, Reynolds, and Hodson, Phys. Rev. (to be published). 


*? Ballam, Hodson, Martin, Rau, Reynolds, and Treiman, Phys. Rev. 
(to be published). 


Z11. Production of Neutral V Events in Lead by Neutrons 
from the Cosmotron.* R. M. Wa_ker,t R. S. Preston, E. C. 
Fow er, AND H. L. Kraysi__.—Eight events interpreted as 
the decay of neutral V-particles have been observed in approxi- 
mately 2000 pictures taken of the interactions of the Cosmo- 
tron neutron beam with a lead plate placed inside a cloud 
chamber. Under the assumption that the nucleons in lead are 
free, one event may be interpreted by the raection «~+P 
—>A°+@, and another by the reaction N+ N—-A°+@+N. 
There are a total of 166 interactions observed in the argon 
filling gas and these are used to deduce a production cross 
section for A® particles in lead, by neutrons with energies 
probably >1 Bev, of <3 mb. A calculation! converting nuclear 
cross sections to nucleon values indicates that the cross sec- 
tions for the elementary reactions, nucleon+nucleon—+A® 
+nucleon (threshold~500 Mev) and nucleon+nucleon—A® 
+A° (threshold ~900 Mev) are <0.2 mb. The low value 
deduced for the latter reaction may be due to a strong energy 
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dependence, but the results are consistent with the hypothesis 
that the reaction is forbidden. 
* Supported in part by the U. S. Atomic Energy Commission. 


t Now at General Electric Research Laboratories. 
'R. Jastrow, Phys. Rev. (to be published). 


Zi2. Analysis of Charged V Events.* W. H. ARNOLD AND 
J. BALLAM, Princeton University.—Measurements on charged 
V's observed in the Princeton double cloud chamber experi- 
ment at Echo Lake, Colorado have so far yielded sixteen 
cases in which both primary and secondary momenta are 
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measurable. Of the six negatives, four have p* values consist- 
ent with the two-body decay of a particle of mass ~1000; the 
other two are consistent with the assumed alternate decay 
mode of the r. There is also a negative whose primary is un- 
measurable, but which has a pr>190 and whose secondary 
undergoes what is probably *—y decay. Of the ten positives, 
one is consistent with the r, one is probably a hyperon, and the 
others are all consistent with p*~200-240, One r* has been 
observed in the normal decay mode. 


* Supported by the joint program of the Office of Naval Research and the 
U. S. Atomic Energy Commission, 





SATURDAY AFTERNOON AT 2:00 
McAlpin, Red Room 
(E. P. WIGNER, presiding) 


Nuclear Theory 


ZA1. Energy Levels of Pb***. G. E. Tauper, Western 
Reserve University.—-Recent experimental work indicates that 
the excited states of Pb®* do not follow the simple J=0, 2, 4 
rule, but have spins ranging between 3 and 5 and odd parity. 
According to the shell model Pb®* is a doubly ‘‘magic”’ nucleus 
and its lowest excited levels would arise from the excitation of 
either a proton or neutron and could be treated in terms of 
particle-hole configurations. A general particle-particle inter- 
action of the form V = (mP +nQ) V(\r;—rz|), where P denotes 
Majorana and Q Bartlett forces, has been assumed and the 
energy levels in the j—j limit obtained for all possible con- 
figurations. The energy levels have been calculated for both a 
delta-type and a Gaussian potential with various ranges. It 
has been found possible to explain the energy levels by postu- 
lating certain configurations and relative strengths of the inter- 
actions. 


ZA2. Matrix Elements of a Nuclear p’ Configuration. S. 
Mesukov, University of Delaware anb C. W. Urrorp, Univer- 
sity of Pennsylvania.—In an attempt to apply the Bacher and 
Goudsmit'~ method to the calculation of nuclear energy levels 
in terms of experimentally observed energies of other nuclei, 
we have calculated the matrix elements of a nuclear p* con- 
figuration in terms of the matrix elements derived from ex- 
perimental observations of the ~* configuration.4 The only 
assumption regarding the nature of the nuclear force is that it 
be a 2-particle one. If we assume, in particular, spin-orbit or 
tensor forces, our matrix elements reduce to the corrected 
elements of Elliot. We have used /s coupling, although the 
calculation proceeds in the same way if jj coupling is used. A 
general method for the calculation of the matrix elements of 
any configuration /* from those of 1” will be discussed. 

1R. P. Bacher and S. Goudsmit, Phys. Rev. 46, 948 (1934). 

*S. Meshkov and C. W. Ufford, Phys. Rev, 94, 75 (1954). 

*R. E. Trees, J. Research Natl. Bur. Standards 53, 35 (1954). 


*S. Meshkov, Phys. Rev. 91, 871 (1953). 
‘J. P. Elliot, Proc. Roy. Soc. (London) 218, 345 (1953). 


ZA3. The 3-Body Exchange Magnetic Moments of H’ and 
He’*.t AnprREw M. Lockett,* Massachusetts Institute of 
Technology.—The contribution of 3-body exchange currents 
to the magnetic moments of H* and He? is calculated using 
symmetric PS(PS) meson theory. The 3-body moment of 
lowest order in G is found to be considerably smaller than the 
lowest order 2-body moment, the latter being identical to that 
calculated by Villars' using (PV) coupling, which itself is too 
small to explain the observed moments of H* and He’. The 
next lowest order 2-body and 3-body moments are estimated 


and found to be an order of magnitude smaller than the 
lowest order 3-body moment. The nucleons are treated non- 
relativistically with neglect of recoil. 

t Work supported by Shell Oil Company Fellowship in Physics at 
Massachusetts Institute of Technology. 


* Now at Stevens Institute of Technology, Hoboken, New Jersey. 
'F. Villars, Helv, Phys, Acta 20, 476 (1947), 


ZA4. Polarized Neutrons on Li*. M. Presuxin anp J. H 
Roperts, Northwestern University ann V. L. TELuGopt, 
University of Chicago.—Measurements of the angular distri- 
butions of tritons from the reaction Li*(n,a)H* using unpolar- 
ized neutrons near the 0.25 Mev P-wave resonance have been 
reported by Roberts et al, The cos? term in the angular dis- 
tribution provides the level parameters without the necessity 
for subtracting the estimated S-wave contribution. The results 
approximate the one-level dispersion formula only poorly, with 
widths near Ty =0.07, T',,=0.14 Mev at resonance. The cos@ 
term depends on the phase relation between S and 7 contri- 
butions, as does the left-right asymmetric term if the neutrons 
are polarized, We have calculated the angular distribution 
for polarized neutrons in terms of the unknown reaction 
amplitudes. Using relations provided by the results with 
unpolarized neutrons, we obtain limits on the asymmetric 
term, which may be as large as one third of the total cross 
section. The one-level formula shows that the effect cannot 
vanish at all energies and is probably greatest just off the 
peak, but the poor fit does not allow a detailed prediction. 
Preliminary measurements in Li* glass speck loaded emulsions 
give small and uncertain asymmetries. 


ZAS. The P-He* Interaction. KR. M. FRANK AND J. L. 
GamMeEL, University of California.-Phase shift analyses of 
elastic scattering data involving unlike particles having spin 
one-half are made using an IBM 701 calculator. The phase 
shifts (4's) for a given | are allowed to depend upon S and J 
tensor coupling is omitted. In applying this to the Minnesota! 
P —He* data only S and P waves were included. With the 
4's independent of S and J we find Lowen's® solution and two 
others, which have unreasonable energy dependences, If the 
5's depend upon S and J we find three more solutions, For one 
of these the 'S—é has an unreasonable energy dependence. 
For the others the 4S and */'s are like Lowen's. One has a 
'1P —6 which is zero at all energies, and a negative 'S —4 which 
passes through —90° at 3.5 Mev. Another has a negative 
'P —5 (—15 at 3.52 Mev) and a positive 'S—4 (60° at 3.5 Mev) 
Born's approximation predicts a solution like Lowen’s except 
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that the triplet 4's are about 1.2 times the singlet 46's. No 
definite J dependence of the 4's could be established. 

ond Famularo, Brown, Holmgren, and Stratton, Phys. Rev. 93, 928(A) 
(1954). 

* H, R. Lowen, Bull. Am. Phys. Soc., Vol. 29, No. 5, 15 (1954). 


ZA6. Nuclear Configuration Interaction with Singlet Two- 
Body Forces.* Cart A. Levinson, Indiana University. 
If one assumes that only two-body singlet forces act between 
nucleons then the effects of configuration interaction in jj 
coupling can be computed quiet simply for two-body con- 
figurations. This is done by algebraic manipulation of the 
Schroedinger equation rather then setting up the matrix of the 
Hamiltonian. The three particle configuration matrix elements 
can then readily be computed using the two particle matrix 
elements. If one is given all experimental energies for a two 
particle configuration, then the techniques mentioned above 
allow one to compute the three particle configuration energies 
and wave functions including configuration interaction. The 
nuclei Ca® and Ca® with f;/2* and f7;.* configurations are being 
studied. The effect of the fox, Psj2, and prj. states is included. 
The results show that considerable configuration interaction 
occurs in these nuclei and gives a fairly good fit to their level 
spacings and the magnetic moment of Ca®, 

* This work was done in part while the author was a visitor at the 


Brookhaven National Laboratory, and was supported by a grant from the 
National Science Foundation. 


ZA7. Alpha Decay of Spheroidal Nuclei.* R. F. Curisty, 
California Institute of Technology.—The calculation of the 
relative population of low rotational states of residual nuclei 
of a decay is complicated by two features. The nuclear bound- 
ary is a nonspherical surface, and the orbital angular momen- 
tum of the outgoing alpha is not constant in the nonspherical 
Coulomb field. A new form of the W. K. B. method has been 
found which is suitable for treating such problems in three 
dimensions. The wave function from each point on the nuclear 
surface can be considered as progressing radially out through 
the barrier and diffusing transversely in angle. The diffusion 
in angle, when folded with a spherical harmonic y, leads to the 
usual reduction associated with the centrifugal barrier. The 
wave function at large distances is found by integrating over 
the nuclear surface with the diffusion kernel and multiplying 
by the radial barrier integral (which is a function of angle). 
Approximate results have been found which are consistent 
with experiment and show large and comparable probabilities 
for /=0 and 1=2 for ¥=constant on the nuclear surface. The 
probability for /=4 is then fairly small but is sensitive to 
deviations from y =constant and may vanish if ¥ is smaller at 
the ends of the nucleus. 


° Aseigted by the joint program of the U.S. Office of Naval Research and 
the U, S. Atomic Energy Commission. 


ZA8. Velocity-Dependent Nuclear Potential.* j. S. Lrv- 
INGER, Louisiana State University.—Both experiments’ and 
two different calculations (phenomenological? and dispersion- 
theoretic’) give an integrated cross section ¢jn for photo- 
nuclear absorption about 50 percent larger than that for the 
dipole sum rule, This suggests that the common nuclear 
potential for the independent-particle model should have an 
appreciable commutator with the position: for example, the 
nuclear potential might be velocity-dependent. (The resulting 
increase in oj. would be a reinterpretation of that calculated 
phenomenologically for two-body exchange forces.) We shall 
present numerical results for oin¢ for the velocity-dependent 
potentials of Van Vleck* and Brueckner,’ and compare with 
experiment. 

* Supported by the National Science Foundation. 


\ For exam R. Nathans and J, Halpern, Phys. Rev. 93, 437 (1954). 
to Ss. Eovinesr and H. A. Bethe, Phys. Rev. 78, 115 (1950) and J. S. 
Lev Phys. Rev, 97, 122 (1955). 
"Gell ann, Goldberger, and Thirring, Phys. Rev. 95, 1612 (1954) 
. H. Van Vieck, Phys. Rev. 48, 367 (1935). 
: . A. Brueckner, Phys. Rev. 96, 508 (1954). 


ZA9. Particle Motion in an Anisotropic Harmonic Oscillator 
Well.* Martin L. Gursky, Los Alamos Scientific Laboratory. 

A major contribution to the total nuclear energy in the 
collective model is due to the sum of the individual energies 
of the constituent nucleons in a distorted potential field.’ As 
a first attempt to treat a nucleus of ellipsoidal shape it is 
possible to consider a potential of the form: V= Vo» 24; .1x7/a,. 
The energy of a particle in this anisotropic oscillator well is 
familiar: E(my,n2,mg; @1,42,42) = (2h? Vo/m)§ D¢213 (ng +4) /ai. 
After introducing the volume preserving parameters a, y, and 
Ro,! one may represent the individual particle energy defined 
by a particular choice of the quantum triplet (m,m2,m3) as a 
surface in the cylindrical space a, y, E. Application of the 
Pauli principle enables one to construct a total energy surface 
corresponding to any arbitrary ensemble of Z protons and 
N neutrons. Preferred (minimum energy) shapes are seen to 
deviate further from the spherical as one studies nucleon 
numbers more remote from oscillator closed shells. 


Atomic Energy Commission 
89, 1102 (1953). 


* Work done under the auspices of the 
1D. L. Hill and J. A. Wheeler, Phys. Rev. 


ZA10. The IPM Mass Surface.* A. E. S. GREEN AND 
Kiuck Lee, The Florida State University —An analytic 
expression has been found which represents the sum of the 
energy eigenvalues for a spherical well rather accurately for 
the range of well radii, well depths, and occupancy numbers of 
interest in nuclear physics. Using this expression we have 
derived an analytical mass surface according to the independ- 
ent particle model (IPM) which contains only a radius 
constant parameter ro and a well depth parameter Vo. With 
reasonable choices of Vy and ro it is possible to account approxi- 
mately for total nuclear binding energies throughout the 
range of mass numbers, however, it appears impossible to 
account for the line of beta stability. The IMP mass surface 
is altered appreciably if one appends a “‘tail’’ to the spherical 
well. These modified results and the relationship of this work 
to earlier investigations of the IPM mass surface as well as 
the Wigner mass surface will be discussed. 


* Supported by a grant from the U. S. Atomic Energy Commission 
ZA11. A Modification of the One-Particle Model for Nu- 
clear Radiative Transitions. P. R. WaLLace, McGill Univer- 
sity.—The one-particle theory of isomeric transitions in 
nuclei is modified to account for the following anomalies: 
(a) that most lifetimes are longer than predicted by the 
one-particle model, (b) that odd-proton magnetic transitions 
tend to be less probable than the corresponding odd-neutron 
ones, despite the greater magnetic moment of the proton. 
In those cases where cooperative effects are minimized, and 
the transitions are ‘“‘almost’’ one-particle ones, the model may 
be modified to take account of the small difference between 
the final and initial states of the other particles, due to the 
alteration of nuclear potential caused by the change of state 
of the nucleon primarily involved in the transition. The 
transition probability is modified by a factor {;*@:d; for 
each nonparticipating particle; these factors are each slightly 
less than unity, but their cumulative effect is to lengthen the 
lifetime perceptibly. This effect will be greater for odd-proton 
than for odd-neutron transitions. For, because of the Coulomb 
force, proton transitions will affect the nuclear potential over 
a greater distance than will the nuclear force. Thus, odd-proton 
lifetimes will be lengthened more than odd-neutron ones. 
ZA12. Nuclear Models. R. J. EpEN ann N. C. FRAncis, 
Indiana University.*—If it is that internucleon 
forces are due to singular potentials of the type deduced in 
scattering theory it follows that the wave function of 
nucleus will contain strong correlations and cannot be approxi- 
mately equal to product wave functions of the type used in 


assumed 
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nuclear models. We consider the properties of ‘‘model opera- 
tors’’ which transform a model wave function into the actual 
nuclear wave function. Our method considers (1) the proper- 
ties and conditions on model operators for ideal nuclear 


models, (2) how far these conditions are satisfied in practice, 
(3) approximate expressions for model operators and applica- 
tions to various observables connected with atomic nuclei. 


* Support by a grant from the National Science Foundation. 





SUPPLEMENTARY PROGRAMME 


SP1. Radiations from Y*, Zr*’, Pr’, and Pr'®.* B. 
SaraF,f J. VarmMa,t and C. E. MANDEvILLE,§ Bartol Research 
Foundation.—The radiations of the previously listed radio- 
nuclides have been investigated with the aid of scintillation 
spectrometers employing crystals of Nal(Tl). A pure sample 
of Y®, obtained from Oak Ridge, was found to emit gamma 
rays in an amount of at most 10° photon per disintegration. 
Brookhaven by neutrons on 


Zr” was produced at slow 


: —— jai s B as 8 : 
isotopic Zr**. The gamma rays of the 17-hr Zr*? —»Nb*®’ — Mo” 
are of energies 0.67, 0.75, and 1.6 Mev, the hardest quantum! 
appearing in only two percent of the disintegrations. A sample 
of praseodymium oxide (99.98 percent pure) was irradiated 
by neutrons to produce Pr'® which was found to decay with 
emission of a single gamma ray at 1.6 Mev. No gamma rays 
were detected in the disintegration of Pr'®, Any present were 
estimated to have an intensity of upper limit 10~° photon per 
disintegration. 

* Assisted by the joint program of the Office of Naval Research and the 
U.S. Atomic Energy Commission. 

? Research Fellow, Bartol; on leave of absence from Agra College, 
Agra, India. 

t Research Fellow, Bartol; at present at the University of Glasgow, 
Scotland 

§ To be given at the end of Session S if chairman rules that time permits 


! Previously reported at 1.42 Mev by Mandeville, Shapiro, Mandenhall, 
Zucker, and Conklin, J. Franklin Inst. 254, 381 (1952). 





SP2. Angular Distributions of Neutrons from (p,n) Reac- 
tions. BerNarD L. Conen, Oak Ridge National Laboratory.* 
Angular distributions of neutrons from (p,) reactions on 
Mg, Al, Cu, Mo, Ag, Ta, Au, Th, and U were measured using 
23 Mev protons from the Oak Ridge National Laboratory 
86-inch cyclotron incident on thick targets. Neutrons were 
detected by silver and aluminum threshold detectors, which 
give data for about 13 Mev and 6 Mev neutrons respectively. 
An extensive series of tests and calculations was made to 
assure that the method was valid and that background was 
properly taken into account. All angular distributions are 
characterized by large peaks in the forward direction. The 
0°/180° intensity ratios vary from 3 to 15 for 13-Mev neutrons, 
and from 1.3 to 5 for 6-Mev neutrons. The Mg and Al high 
energy data show minima at about 25° and secondary maxima 
(as high as the 0° peak) at about 40°, Yield determinations 
indicate that the number of neutron per nuclear reaction 
increases with atomic number from ~0.25 for Mg and Al, to 
~2.0 for heavy elements, and ~4.2 for Th and U (due to 
fission). Temperatures of the neutron energy distributions are 
estimated. All evidence indicates that direct interactions (as 
opposed to compound nucleus formation) is of considerable 
importance in these reactions. 


* To be given at the end of Session X, if the Chairman rules that time 
permits 
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Shall The Physical Review Be Split? 


The largest single item of expense in the budget of 
the American Physical Society is the maintenance of 
The Physical Review. This journal is expanding at a 
fantastic speed and without apparent limit. Part of its 
cost is paid by page charges and part by subscriptions. 
The remainder is a charge against the dues of the 
Society, and, when the dues are inadequate to meet 
this and the other expenses, the remainder is taken 
from surplus. Every additional thousand pages aug- 
ments this remainder by roughly $28 000 per year— 
and the Review is expanding by a thousand pages every 
year! The Society will just about balance its budget in 
1954, but the surplus amassed in 1953 will be devoured 
by the deficit of 1955, and little will be left. Something 
has got to be done, and soon. This is the responsibility 
of the Council, but the officers want to sound out the 
feelings of the membership-at-large about various pos- 
sible courses of action. 

These courses of action are listed at the top of the 
inside back-cover page, in the form of a ballot. First, if 
dues are to remain as now and The Physical Review is 
to continue to expand as now, the cost of subscription 
must be raised probably to $15 (from $5) for members 
of the Society and to $45 (from $30) for nonmembers. 
But second, the Review might be split into two roughly 
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those who take both sections would be charged the 
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split ($15 for members and $45 for nonmembers). 
(Abstracts of the papers published in either section 
would be printed in the other.) As a third choice, we 
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the reduction of the Review to its 1953 dimensions, 
with the calamitous consequence that a great deal of 
meritorious work would remain unpublished. 

Please indicate on the ballot the course which you 
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The cost of publishing The Physical Review can be 
expressed approximately by the following formula: 
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only about 80 percent of the page charge of $15.00 is 
honored, the coefficient F is $12.00. The coefficient D 
contains the cost of covers, a part of mailing costs and 
subscription handling, C represents the cost of paper 
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scription rates for members and nonmembers. 

The results show that the average cost per subscriber 
in 1955 will be $26.00 (after subtracting the page charge 
income). Each additional subscriber will cost about 
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It has been suggested that The Physical Review be 
split according to subject matter into two sections of 
about equal size, each to appear monthly. The division 
would be as follows: 
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Meeting abstracts cover about 5 percent of the pages. 
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from page charge and minus $70 000 to be taken from 
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